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or animated proto ty 3 
keystrokes and pause times. Has the unusual ability 
to insert prompts, pop-ups, proto types, user involvement, 
music, and branching menus into replays. 










Includes Screen Maker, Keystroke/Time Editor, Proto Typer, 
Text Editor, Music Maker, Menu Maker, Screen Grabber, Animator. 
Control and Insertion Guides. 


"I highly recommend Instant Replay." Computer Language 


"Indispensable...A clear improvement over Dan Bricklin’s Demo Program." 
PC Magazine 


"Instant Replay brings new flexibility to prototypes, tutorials, and their 
eventual implementation." Electronic Design | 


"When replayed it will appear that the tutorial was part of the program." PC WEEK 
"Incredible...we built our entire Comdex Presentation with Instant Replay." Panasonic 


250 Page Manual, Online Tutorial, 60 day satisfaction money back guarantee. 
(Not Copy Protected) 


Call or Write. We accept Visa, Amex, Master Card, COD, P@ 
Dealer Inquiries Welcome. Outside US pays postage. 


44 = wep 
Instant Replay 1 (tm) $ 149.95 Nostradamus Inc. ae Royalties 
Demo Diskette $ 5.00 3191 South Valley Street (ste 252) 
Dealer Poster $ 3.00 Salt Lake City, Utah 84109 CIRCLE 251 ON READER SERVICE CARD 


(801) 487-9662 
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The most up-to-date training in the 
UNIX System, from the people who 
keep the UNIX System up-to-date. 










What could make 
more sense than UNIX 
System training from the 
people who invented UNIX 
—the people responsible for 
all its updates and revisions. 
AT&T. 

Created to train AT&I’s own 
professionals, our curriculum is 
the most comprehensive avail- 
able—including C language as 
well as UNIX. And every course 
is practical and job-related. 

Training for everyone 

(_] Systems developers 

LJ Applications programmers 

1 Technical specialists 

LJ System managers and users 
Whatever your specialty, AT&T 
has the right curriculum, from 
basic overviews to programming 
to business applications and data 
communications. And every 
course is kept up-to-the-minute 
with such recent advances as 
System V Release 3.0. 





Individual attention 
Classes are limited in size, so that 
each student can be given individ- 
ual instruction and supervision. 
In laboratory classes, each stu- 
dent is assigned his own terminal. 
Instruction is by AT&T UNIX vet- 


erans and is per- 
sonal, thorough, 
productive. 
Classes 
forming now 
Reserve as 
quickly as possi- 
ble for preferred 
dates at our com- 
pletely equipped training centers 
in Atlanta, Chicago, Dublin, OH, 
Los Angeles, Princeton, NJ, and 
Sunnyvale, CA. Or welll arrange 
instruction on your site at your 
convenience. But don’t wait—call 
or write now for information and 
seat reservations. © 1987 ATRT 


Free fact-packed training catalog: 
Call 1800 247-1212 or mail this coupon. 


Registrar, AT&T Training, 

PO. Box 45038, Jacksonville, FL 32232-9974 

| Please rush me your course catalog with information on: 
| OUUNIX System training [UNIX System video training 
(J Data communications and networking training 


| Name 





























Title 
Company 
Address 
City State Zip 
ee he | 
The right choice. 
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NEW! FROM 
BLAISE 
COMPUTING 


Today’s programmers 
need more than yes- 
terday’s tools. Re- 
quirements such as 
removable windows 
and ‘“‘sidekickable’”’ 
pop-up utilities 
are changing 
the face of pro- 
gram design. 
You need to fil- 
ter interrupts so 
that other resi- 
dent programs 
still work. You 
need the ability to switch between 
multiple display pages and monitors. 
Today’s technical demands are almost 
endless, but C TOOLS PLUS gives you 


what you need. 











SOLID LIBRARY SUPPORT 


Blaise Computing offers you solid li- 
brary support that can meet all your 
demands and more. C TOOLS PLUS 
embodies the full spectrum of general- 
purpose utility functions that are criti- 
cal to today’s applications. 


Here’s just part of the PLUS 
in C TOOLS PLUS: 

@ C TOOLS and C TOOLS 2 compatibil- 
ity —two packages that receive rave 
reviews for quality, organization, usa- 
bility and documentation. 


@ FULL SOURCE CODE 





C Tools Plus’ 


For The Programmer 


Whose Alphabet 


Begins & Ends 
With “C” 


@ WINDOWS that are stackable, re- 
movable, that support word wrap and 
that can accept user input. 

@ INTERRUPT SERVICE ROUTINE 
support for truly flexible, robust and 
polite resident applications. 

® MULTIPLE monitor and display 
support, including EGA 43-line mode. 

@ FAST DIRECT VIDEO ACCESS for 
efficiency that will not constrain good 
program design. 


@ DOCUMENTATION, TECHNICAL 


Also Available Are: 

C VIEW MANAGER — 
A kit for building data 
entry screens and menus. 
Begin by designing on- 
screen what the operator 
will see; call upon our 
library functions from 
your program to display 
the screens and retrieve 
the data. Just $275, in- 
cluding all library 
source code. 

C ASYNCH MAN- 
AGER — provides 
the crucial core 
of hardware in- 
terrupt support 
needed to build 
applications that 
communicate. It 
also includes the “KMODEM” file-transfer 
protocol and support for Hayes-compatible 
modems. All source code is included for $175. 
C TOOLS & C TOOLS 2 — an indispensable 
combination still available at a low price of 
$175, including all source code. See re- 

ey 
WI 





view in PC Tech Journal, 6/85. 


BLAISE COMPUTING INC. 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 


ORDER TOLL-FREE 800-227-8087! 


a aa = for 
SUPPORT and attention ss ten Tia dis $--—— cane 
. ses oe | Enclose Ali dom 

to detail that have distin- : aweue PLUS poe a 612% Sales a 
guished Blaise Computing TOOLS se ce pederal Express — — 
products over the years. : srders add $10. Phone: (—— | 
C TOOLS PLUS supports : Name ee 
the Microsoft (andIBM) - ning Address: Cte 
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Computers > 
and music 


MUSIC: Pushing the Sound Envelope 
by David Levitt Dr. Dobb's journalot 
A brief history of computer music and a look at some Software Tools 4 ~ 
recent developments in MIDI programming, sampling, . 
transient-oriented synthesis methods, and programs that 
compose and collaborate on original music. 

MUSIC: Designing a Music Recorder 22 
by Mark Garvin 

Mark shows how to design a software-based music 

recorder using MIDI. 
















Getting started > 
with MIDI 





























Dimensional D> SCIENTIFIC: Dimensional Data Types 50 
by Do-While Jones : 
data ty pes Using dimensional units as data types can facilitate the 
in Ada writing of clearer, more easily maintained code. Do-While 





presents example programs in Ada. 





About the Cover 
Programmers who have always 
longed to play (or play with) music 
and musicians with techie tenden- 
cies and a yen to create new 
sounds would feel right at home in 
the tableau pictured on this 
month’s cover. 


COLUMNS 























C filters 
in statistics 





C CHEST 
by Allen Holub 

Allen looks at statistical applications of digital low-pass 
filters, a set of subroutines that has applications in both 
scientific and music programming. 















This Issue 















Command De eae SOFTWARE TOOLBOX 118 | What isit that draws so many pro- 
'y Ray Duncan grammers towards making music? 
Pprecessare Ray looks at some “‘quality of life tools’ for MS-DOS Maybe it's the interactiveness of 






the process or the fact that a piece 
of music is something that can be 
shared with everyone (unlike a 
good piece of code, which only 
other programmers can appreci- 
ate), or maybe it’s because comput- 
er music is a new frontier. Most 
likely it is a combination of these 
factors, plus the fact that making 
tools for making music is as fun 
and interesting as the end result. 
Here we look at the roots of com- 
puter music and at some interest- 


PROGRAMIMVER’ S ing work to be done in this area on 


today’s microcomputers. We also 


SERVICES look at scientific programming 


with an article on dimensional 


programmers, namely, Command Plus, and ProCeD. 
STRUCTURED PROGRAMMING 124 
by Namir Clement Shammas 

Namir analyses True BASIC modules and compares modules 

of True BASIC and Modula-2. 

ARTIFICIAL INTELLIGENCE 132 
by Ernest R. Tello 

Ernie discusses the features of PC Slices ‘the Turbo 

Pascal of object-oriented LISPs.”’ 













True BASIC and > 
Modula-2 



























Object-oriented >» 
LISP 
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mercenary EDITORIAL THE STATE OF BASIC: 144 | scientific programming in C Chest. 
° by Michael Swaine More on new BASIC 
mouves RUNNING LIGHT 8 | subroutines : Meer 
by Allen Holub BOOKS: ee ‘eve planned some very practi: 
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by Michael Swaine two-bit analog to digital convertor. 
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The fastest 


the war on C bugs. Forget the hex dumps. 
Now you can view and work with programs 


Your search for execution speed is over. 
The new Microsoft®C Compiler Version 4.0 
is here. With blazing performance. We've 
added common sub-expression elimination 
to our optimizer that produces code that 
rips through the benchmarks faster than 
ever before. 





"...the Microsoft performance in the benchmarks 
for program execution is the best of the lot overall” 


— William Hunt, PC Tech Journal, January, 1986* 





But speed isnt the only edge you get with 
Microsoft C.Other advantages include a vari- 
ety of memory models like our new HUGE 
model that breaks the 64K limit on single 
data items. Plus our NEAR, FAR and HUGE 
pointers, which provide you greater flexibility. 
All this allows you to fine tune your program 
to be as small and fast as possible. 


“Excellent execution times, the fastest register 
sieve, and the best documentation in this review 
... Microsoft Corporation has produced a 
tremendously useful compiler.’ — Christopher 
Skelly, Computer Language, February, 1986. 


No more debugging hassles. 
Introducing CodeView. Free. 
Now, for a limited time, welll give you an 
unprecedented programming tool when you 
buy Microsoft C, free. New Microsoft Code- 


View" offers the most powerful tool yet in 


: Bree 
aK C 





at any level you want. Use the program 
source, the disassembled object code, or 


Microsoft C Compiler Version 4.00 
Microsoft C Compiler 


* Produces fast executables and optimized code including elimination 
of common sub-expressions. NEW! 
+ Implements register variables. 
¢ Small, Medium and Large Memory model libraries. 
* Compact and HUGE memory model libraries. NEW! 
* Can mix models with NEAR, FAR and the new HUGE pointers. 
¢ Transport source and object code between MS-DOS® and XENIX® 
operating systems. 
¢ Library routines implement most of UNIX™ System V C library. 
¢ Start-up source code to help create ROMable code. NEW! 
¢ Full proposed ANSI C library support (except clock). NEW! 
¢ Large number of third party support libraries available. 
* Choose from three math libraries and generate in-line 8087/80287 
instructions or floating point calls: 
— floating point emulator (utilizes 8087/ 80287 if installed). 
— 8087/ 80287 coprocessor support. 
— alternate math package — extra speed without an 8087/80287. 
* Link your C routines with Microsoft FORTRAN (version 3.3 or 
higher), Microsoft Pascal (version 3.3 or higher) or Microsoft 
Macro Assembler. 
* Microsoft Windows support and MS-DOS 3.1 networking support. 
* Supports MS-DOS pathnames and input/output redirection. 


Microsoft Program Maintenance Utility. NEW! 
* Rebuilds your applications aftet your source files have changed. 
¢ Supports macro definitions and inference rules. 


Other Utilities 

¢ Library Manager 

¢ Object Code Linker. 

* EXE File Compression Utiliry, 
* EXE File Header Utility. 


C Benchmarks in seconds 
Computer 
Microsoft Lattice Innovation Aztec Wizard 
C 40 C30 (23 C86 3.2 (30 

Sieve of 
Eratosthenes 
(register) 82.9 151.4 172.3 88.0 91.9 
Copy Block 86.9 Z231./ 199.0 123.8 189.5 


Run on an IBM PC XT with 512K memory 


Microsoft CodeView 
Window-oriented source-level debugger. NEW! 


¢ Watch the values of your local and global variables and expressions 
as you debug. 

* Set conditional breakpoints on variables, expressions or memory; 
trace and single step. 

¢ Watch CPU registers and flags as you execute. 

* Effectively uses up to four windows. 

* Debug using your original source code, the resulting disassembly 
or both intermingled. 

* Use drop-down menus to execute CodeView commands. 

* Access the on-line help to lead you through CodeView’s options 
and settings. 


* Easily debug graphics-oriented programs since program output is 


kept separate from debugger output. 


* Keyboard or optional mouse support. 
¢ Enter in familiar SY MDEB or DEBUG commands. 


*Reprinted from PC Tech Journal, January 1986, copyright 1986, Ziff-Davis Publishing. 
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both at the same time. Open a window to 
view CPU registers and flags. Watch local 
and global variables as well. All while your 
program is running. 

CodeView gives you complete control. 
Trace execution a line at a time—using 
source or assembly code. Or set conditional 
breakpoints on variables, memory or expres- 
sions. CodeView supports the familiar 
SYMDEB command syntax, as youd expect. 
Commands are also available through drop- 
down menus. Combine the new window- 
oriented interface with our on-line help and 
debugging has never been easier. Or quicker. 


= File Search View Run Watch Options (uit) Trace! Go! 
. a : = 
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you've ever seen. 


Take the $5 CodeView tour. 

You may find it hard to believe our debug- 
ger can do all we've claimed. So were offering 
test drives. Five bucks will put you behind 
the wheel of a Microsoft C demo disk with 
CodeView: See for yourself how fast debug- 
ging can get. 

For more information about the Code- 
View demo disk, the new Microsoft C 
Compiler, a list of third party library sup- 
port or the name of your nearest Microsoft 
dealer, call (800) 426-9400. In Washington 
State and Alaska, (206) 882-8088. In Canada 
call (416) 673-7638. 
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Microsoft’ C Compiler 


The High Performance Software 


Microsoft. MS-DOS and XENIX are registered trademarks and CodeView is a trademark of Microsoft Corporation. UNIX is a 
trademark of AT&T Bell Laboratories. IBM is a registered trademark of International Business Machines Corporation. TOffer expires 12/ 31/ 86. 


CIRCLE 380 ON READER SERVICE CARD 


FORUM 


EDITORIAL 


hen giants 
sneeze, they set 
the sod ashiver and 
shake the sedentary 
stones. 

When the Lotus De- 
velopment corporate 
nose got irritated by 
products that copied 
the look and feel of its 
successful spreadsheet 
product, it blew up a 
lot of dirt, and from 
under scattered rocks sitherad and 
scuttered the hungry lawyers. 

At press time, things were looking 
bad for the lawyers. 

Lotus had brought suit against Pa- 
perback Software and Mosaic Soft- 
ware over alleged copyright in- 
fringement of Lotus 1-2-3 by these 
companies products, VP-Planner 
and The Twin, respectively. Lotus 
was not contending that these com- 
panies copied Lotus code but rather 
that their products, in being key- 
stroke-for-keystroke compatible 
with 1-2-3, infringed on the copy- 
righted ‘“‘look and feel”’ of 1-2-3. 

Now that the copyright office has 
determined that there is no copy- 
rightable look and feel to 1-2-3, Lotus’ 
case is much weaker, but the issues 
the case raised will not go away. Crit- 
ics such as Dan Bricklin, who created 
VisiCalc, the first electronic spread- 
sheet, have argued that to protect the 
keystoke sequences of a product de- 
nies competitors access to perhaps 
the most compelling feature a com- 
mercial software product can have: 
familiarity. 

The suit, or one like it, could have 
enormous implications for innova- 
tion and advance in software devel- 
opment. Although VP-Planner and 
The Twin are anything but innova- 
tive, a decision against the imitators 
in such a case could make even truly 
innovative developers more cautious 
in bringing products to market. It 
also would remove one incentive to 
improve existing products. As Brick- 
lin put it, “\you won't have to do ver- 








sion two, because no- 
body else will be able 
tor 

At least one editor 
has questioned the 
motives of Lotus exec- 
utives, but surely their 
motives are beyond 
question. In this partic- 
ular instance, the mo- 
tives of the executives 
at Lotus and Paper- 
back and Mosaic were 
ignoble and mercenary. Innovation 
issues have been raised by the Lotus 
look-and-feel case, to be sure, but the 
actions and motivations of the corpo- 
rations involved had to do not with 
innovation but with profits. 

These executives were undoubted- 
ly behaving appropriately in this. 
Corporations exist to make profits for 
their stockholders, not to innovate, 
pioneer, or upgrade products, except 
as such actions may seem to them to 
be necessary steps to profits. These 
corporate executives smelled wealth 
in the well-trod ground of the Lotus 
1-2-3 user interface. If the companies 
involved in the Lotus suit did not take 
a particularly high-minded view, it 
was because they were keeping their 
eyes on the turf. 

As a market, the 1-2-3 turf is rich 
indeed, but, surveying it technologi- 
cally, the ground these companies 
chose to squabble over is played out. 
The pace of technological develop- 
ment in personal computer software 
has left Lotus 1-2-3 behind, even 
though it is still healthy as a product. 

But what-can-be still can drive 
what-will-be in the software market, 
and before long someone will bring 
the spreadsheet market up to date 
with the technology. I look forward 
to some innovative competitor leav- 
ing Lotus 1-2-3 and its archaic inter- 
face in the dust—even if it has to be 
Microsoft. 


WMieehkael Garand 


Michael Swaine 
editor-in-chief 
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What follows is the time consuming task of giving 
form and function to the idea. 

That’s why we concentrate on building into our soft- 
ware development systems functions and features 
that help you develop your software ideas in less time 
and with less effort. 

We’ve started 1987 by releasing new versions of 
our MS-DOS, Macintosh, Amiga, ROM, and Apple // 
C development systems. Each system is packed with 
new features, impressive performance, and alittle bit 
more genius. 





Superior performance, a powerful new array of fea- 
tures and utilities, and pricing that is unmatched 
make the new Aztec C86 the first choice of serious 
software developers. 


Aztec C86-p Professional System . . . .$199 
¢ optimized C with near, far, huge, small, and large 
memory + Inline assembler + Inline 8087/80287 + 
ANSI support + Fast Float (32 bit) + optimization 
options ¢ Manx Aztec 8086/80x86 macro assembler 
e Aztec overlay linker (large/small model) * source 
level debugger ¢ object librarian * 3.x file sharing & 
locking * comprehensive libraries of UNIX, DOS, 
Screen, Graphics, and special run time routines. 


Aztec C86-d Developer System...... $299 
e includes all of Aztec C86-p © Unix utilities make, 
diff, grep * vi editor * 6 + memory models ¢ Profiler. 


Aztec C86-c Commercial System. .... $499 
e includes all of Aztec C86-d ¢ Source for library rou- 
tines e ROM Support ¢ CP/M-86 support ¢ One year 
of updates. 


Aztec C86 Third Party Software 

A large array of support software is available for 
Aztec C86. Call or write for information. The following 
is a list of the most requested products: Essential 
Graphics  C Essentials * C Utility Library ¢ Green- 
leat Com. e Greenleaf General ¢ Halo ¢ Panel ¢ PC- 
lint © PforCe « Pre-C * Windows for C * Windows for 
Data C terp ¢ db Vista * Phact # Plink86Plus ¢ C-tree. 





C compiler, 8080/Z80 assembler, linker, librarian, 
UNIX libraries, and specialized utilities. 


Aztec C Il-c (CP/M-80 & ROM)........ $349 
Aztec Cll-d(CP/M-80)..........00++ $199 
Aztec C80 (TRS-80 3&4) .........6+- $199 
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Amiga user groups across the USA voted Aztec 
Cé68k/Am release 3.3 the best Software Development 
System for the Amiga. Release 3.4 is more impres- 
sive. 


Aztec C68k/Am-p Professional ...... $199 
A price/feature/performance miracle. System in- 
cludes: optimized C ¢ 68000/680x0 assembler 
68881 support ¢ overlay linker ¢ UNIX and Amiga 
libraries © examples. 


Aztec C68k/Am-d Developer ........ $299 
The best of Manx, Amiga, and UNIX. System in- 
cludes: all of Aztec C68k/Am-p « the Unix utilities 
make, diff, grep and vi. 


Aztec C68k/Am-c Commercial....... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 





For code quality, reliability, and solid professional 
features, Aztec C for the Macintosh is unbeatable. 
This new release includes features and functions not 
found in any other Macintosh C development system. 


Aztec C68k/Mac-p Professional...... $199 
° optimized C * 68000/680x0 assembler * 68881 
support © overlay linker « UNIX and Macintosh li- 
braries * examples. 


Aztec C68k/Mac-d Developer........ $299 
The best of Manx, Macintosh, and UNIX. System in- 
cludes: all of Aztec C68k/Am-p ¢ the Unix utilities 
make, diff, grep vi editor. 


Aztec C68k/Mac-c Commercial ...... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 





Aztec C65 is the only commercial quality C com- 
piler for the Apple Il. Aztec C65 includes C compiler, 
6502/65C02 assembler, linker, library utility, UNIX li- 
braries, special purpose libraries, shell development 
environment, and more. An impressive system. 


Aztec C65-c Commercial .........:. $299 
e runs under ProDOS ° code for ProDOS or DOS 3.3 
Aztec C65-d Developer..........--. $199 


e runs under DOS 3.3 « code for DOS 3.3 


HAT TM PHACT Assoc., PRE-C, P 


Our ks to NASA for setae this aner anhanche ultraviolet phot taken by Skylab IV of a solar prominence reaching out 350,000 miles above the sun's surface 


- Genius Beains With A Great Idea ... 


An IBM or Macintosh is not only a less expensive 
way to develop ROM code, it’s better. Targets include 
the 6502/65C02, 8080/Z80, 8086/80x86, and 680x0. 

Aztec C has an excellent reputation for producing 
compact high performance code. Our systems for 
under $1,000 outperform systems priced at over 
$10,000. 


Initial Host Plus Target............. $750 
Additional Targets ..........000e8. $500 
ROM Support Package............- $500 





Call for information on Vax, PDP-11, Sun and other 
host environments. 





These C development systems are unbeatable for 
the price. They are earlier versions of Aztec C that 
originally sold for as much as $500. Each system 
includes C compiler, assembler, linker, librarian, 
UNIX routines, and more. Special discounts are 
available for use as course material. 


CP eh aac cee) awe $75 





Most Aztec C systems are available as cross devel- 
opment systems. Hosts include: PC/MS-DOS, Mac- 
intosh, CP/M, Vax, PDP-11, Sun, and others. Call for 
information and pricing. 





To become a user call 800-221-0440. From NJ or 
international locations call 201-542-2121. Telex: 
4995812 or FAX: 201-542-8386. C.0.D., VISA, 
MasterCard, American Express, wire (domestic 
and international), and terms are available. One 
and two day delivery available for all domestic and 
most international destinations. 

Aztec C is available directly from Manx and from 
technically oriented computer and software stores. 
Aztec Systems bought directly from Manx have a 30 
day satisfaction guarantee. 

Most systems are upgradable by paying the differ- 
ence in price plus $10. Site licenses, OEM, educa- 
tional, and multiple copy discounts are available. 


To order or for more information call today. 


In NJ or international call (201) 542-2121 e TELEX: 4995812 


is a registered TM of Microsoft, ue. CP/M TM DRI, HALO TM Media Cybernetics, PANEL TM Roundhill Computer Systems, Ltd., 
link-86, Plink-86 + , P-Force TM Phoenix, db Vista TM Raima Corp., C-terp, PC-lint, TM Gimpel Soft- 
ware. C-tree TM Faircom, Inc., Windows for C, Windows for DATA TM Creative Solutions, Apple Il, Macintosh TM Apple, Inc., TRS-80 TM 
Radio Shack, Amiga TM Commodore Int'l., Unix TM AT&T, Vax TM DEC. Aztec TM Manx Software Systems 
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RUNNING LIGHT 


Mw of the con- 
tent of this issue 
has to do with either 
scientific programming 
or music. Scientific | 
programming yes, but 
why music in a pro- 
grammers’ magazine? 

Maybe you think the connection 
needs no explanation, particularly if 
you, like many professional pro- 
grammers, are a musician. It seems 
that just as visual artists often sup- 
port themselves doing paste-up, 
many musicians earn a living as pro- 
grammers. In any case, there is a re- 
markably large overlap between 
computer programmers ’- and 
musicians. 

But more to the point, the applica- 
tion of computers to musical prob- 
lems is often fascinating from a pure 
programming perspective. A truly 
interactive music system has to un- 
derstand what’s happening musical- 
ly—a nontrivial problem in artificial 
intelligence. Moreover, music pro- 
grams have some of the most com- 
plex, and most interesting, user inter- 
faces going. They use graphics to a 
higher degree than most programs 
do and have to do sophisticated 
things on the output side, juggling 
the control of several other comput- 
ers and synthesizers. What is MIDI if 
not a multiprocessor system commu- 
nicating over a network? 

What I’m saying here is that the 
problems of computer music are 
most often programming problems, 
of interest to the musician and non- 
musician alike. 

This issue covers the music theme 
with three music-related articles. Da- 
vid Levitt’s piece discusses some of 
the newer trends in music-related 
hardware and software. It may 
pique the curiosity of even tone-deaf 
coders enough to get them interested 
in solving some of the programming 





problems David pre- 
sents. Mark Garvin dis- 
cusses MIDI, but from 
the not-often-taken 
»| perspective of how to 
/ store and retrieve the 
| staggering amount of 
data that comes across 
thie nanwork Finally, this month’s C 
Chest discusses digital low-pass fil- 
ters and demonstrates the universali- 
ty of music software by applying 
these filters to statistical applications. 

The one sour note in this issue, to 
my ear at least, is that there’s not a 
whole lot of code. I’m hoping that 
those of you who are both program- 
mers and musicians will send us arti- 
cles about some of the programs 
you've written. If you have some- 
thing useful you'd like to share, send 
it in. 

Maybe together we can advance 
the state of the music software art. 


/ 








Allen Holub 
technical editor 





ARCHIVES 


Math in DDJ 

‘My experiences during the the last few 
_ months vividly illustrate the fact that there 
are plenty of good mathematical problems 
still waiting to be solved almost every- 
where you look—especially in areas of life 
where mathematics has rarely been ap- 
plied before. Mathematicians can provide 
solutions to these problems, receiving a 
double payoff—namely the pleasure of 
working out the mathematics, together 
with the appreciation of the people who 
can use the solutions. So let’s go forth and 
apply mathematics in new ways.’’— 
“Mathematical Typography,’’ Donald E. 
Knuth, DDJ, March 1980. 

“Tuse a Polymorphic 8813 as a home sys- 
tem. As a precision buff, I was delighted by 
their newest release of BASIC which among 
the many other features, has a variable 
precision ‘settable’ from 6 to 26 digits. By 
the way, this precision holds for all of the 
trigonometric and other math functions 
unlike so-called double precision calcula- 
tions in some other BASICs.’’—Letter to the 
Editor, John W. McGraw, DDJ, March 1980. 

“I trust that anyone with even the slight- 
est love for mathematics (however deep) 
will want to see how mathematical tools 
can be applied to the problems of pro- 
gramming. ’—“An Introduction to Algo- 
rithm Design,” Jon Louis Bentley, DDJ, April 
1980. 






































Ten Years Ago in DDJ 

“Computers are considered to be useful 
tools with which to achieve a specific end 
result such as processing a payroll or calcu- 
lating a trajectory. This view of computers 
has often been carried over into education- 
al applications with the computer cast in 
the role of teacher/tutor. The low-cost 
home/school system described here 
(called FRED—Flexible Recreational and 
Educational Device) is intended as a play- 
thing which encourages experimentation 
and stimulates a desire to learn.—“A Prac- 
tical, Low-Cost, Home/School Micropro- 
cessor System,” Joe Weisbecker, DDJ, May 
1977. 

“One difference from other versions of 
[computer game] CHASE—if two robots col- 
lide in my version, they do not annhialate 
[sic], but travel as a pair—with some 
strangly unpredictable consequences! 
(This was originally a ‘bug’ in my program, 
but it was so cute I decided to leave it 
in!) —“Video Chase for 8080/VDM,” Joseph 
Jay Sanger, DDJ, May 1977. 
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Microsoft Avoids Challenge 


We challenged Microsoft to a C compiler duel-to-the-finish, comparing compile, link and 
execution times, and we offered to stop advertising for two months if they won... 


by Roy Sherrill, President, Datalight 


Microsoft purchased our C-compiler 
during February 1987 and we still 
haven’t heard from them. OK, Micro- 
soft, we are extending our challenge 
deadline from April 1, 1987 to May 15, 
1987. After all, the Microsoft ad claims 
“the fastest C you’ve ever seen?’ Your 
reply, Microsoft! 


Walter says Optimum-C is better 


Walter Bright, the developer of Optimum 
C, says that Optimum C would win 7 out of 
10 benchmarks as compared to Microsoft C, 
V.4.0. Walter explained to me that Optimum 
C includes a unique global optimizer that 
helps create compact code while increasing 
execution speed up to 30%. By the way, 
Borland, Walter is still waiting for his copy of 
Turbo C® V.1.0. Borland’s ad claims “the 
fastest, most efficient and easy-to-use C 
compiler at any price.” 

After reviewing Borland’s benchmarks, 
Walter claims that Optimum C is faster. And, 
as for ease of use, all Datalight C compilers 
have been shipped with a free Learn C 
program for the last six months. Also, our new 
EZ Interactive Editor will show you each 
syntax error in your source code, then compile 
or “make” and run your program, all from 
within the editor. OK, so let the Microsoft 
challenge begin... 


We only ask the following... 


The benchmark suite will consist of the set 
of programs that Microsoft supplied to 
Computer Language for their February 1987 C 
compiler review issue. Microsoft will make 
available the programs to Datalight at least 
two weeks prior to the benchmarking. The 
benchmarking will be between Microsoft C 
4.0 and Optimum-C. It will occur at a mutu- 
ally agreed upon time and place. Interested 
individuals will be allowed to attend. The 
benchmarks will be compiled and run on a 
standard IBM PC-AT. 

There will be two separate tests for each 
program: compile and link speed, and execu- 
tion speed. For each test, a representative 
from each company will set up the compiler 
so that it performs at its best. 

The benchmarks will be adjusted so that 
they take sufficiently long to run, that the 
tolerance involved in timing them is insig- 
nificant. The winner is determined by the 
compiler with the faster execution times for 
the majority of the benchmarks. We'd like 
an answer from Microsoft no later than May 


15, 1987. 


So what’s a global optimizer? 


A global optimizer looks at an entire 
function at once, analyzing and optimizing 
the whole function. A technique called data 
flow analysis is used by Optimum-C to gather 
information about each function. This 
enables your compute-bound programs to 
execute as much as 30% faster after global 


optimization. But, there is one catch...because 
the global optimizer ruthlessly searches for 
ways to speed-up execution speed and mini- 
mize memory usage, it has relatively slow 
compile times. No need to worry, though, 
because you can merely turn the global opti- 
mizer off. In fact, you can select all, none, or 
part of the following optimizations: constant 
propagation, copy propagation, dead assign- 
ment elimination, dead variable elimination, 
dead code elimination, do register optimiza- 
tions, global common subexpression elimi- 
nation, loop invariant removal, loop induction 
variables, optimize for space, optimize for 
time, and very busy expressions. 


Choose from five memory models 


Speed your programs by selecting the mem- 
ory model that best suits your application. 


Model Code Data 
Compact 64k total code & data 
Small 64k 64k 
Program 1M 64k 
Data 64k 1M 
Large 1M 1M 


Compiling, one step... 


Now with the one step DLC program you 
can create .OBJ, .EXE and .COM files. Also, 
DLC can handle multiple files and run MASM 
on your assembly files. 


Try Optimum-C risk free 


Try Optimum-C for 30 days and if you are 
not 100% satisfied return it for a full refund. 
Also available is a C tutorial which is a com- 
bination workbook and floppy disk to help 
lead you through the C language with tutor- 
ials, quizzes, and program exercises. 


O.K. Microsoft, it’s up to you. We’ve put 
two months of advertising on the line that 
says you can’t beat Optimum-C to a real 
test. Your answer, please? 


PRICES 
Developer’s Kit w/ C Tutorial $ 99 
Optimum-C w/ C Tutorial $139 


(both with library source) 


Add $7 for shipping in US/$20 outside US 
COD (add $2.50) 


Not Copy Protected 


ORDER TOLL-FREE TODAY! 
1-800-221-6630 


ATTENTION OEMs! 


Contact us regarding arrangements. 


Microsoft and MS-DOS are registered trademarks 
of the Microsoft Corporation. Turbo C is a regis- 
tered trademark of Borland International. 
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Magazine Reviewers Shocked by 
DATALIGHT?’s Performance... 


“Reviewing this compiler was quite a surprise 
for us. For such a low price, we were expecting 
a “lightweight”? compiler. What we got was 
a package that is as good as or better than 
most of the ‘“‘heavyweights.”’ Datalight C 
implements a complete C language. It also 
compiles quickly, doesn’t take up much disk 
space, and looks impressive in the 
benchmarks.” 


DR. DOBBS, August 1986 


‘“‘This is a sharp compiler!... what is impres- 
sive is that Datalight not only stole the com- 
pile time show completely, but had the fastest 
Fibonacci executable time and had excellent 
object file sizes to boot!”’ 


COMPUTER LANGUAGE, February 1986 






































Optimum-C Version 3.0 
NEW! 


EZ Interactive Development Environment 


NEW! 
Inline 8087/80287 Math Support 


¢ Full UNIX System 5 C language plus 
ANSI extensions 

¢ Fast/tight code via powerful optimizations 

including common sub-expression 

elimination 

DLC one-step compile/link program 

Multiple memory model support 

UNIX compatible library with PC functions 

Compatible with DOS linker and assembler 

Third-party library support 

Automatic generation of .COM files 

Supports DOS pathnames, wild cards, 

and Input/Output redirection 

Compatible with Lattice C version 3.x 

Interrupt handling in C 

Debugger support 

ROMable code support/start-up source 


MS-DOS®° Support Features 


Mouse support 
Sound support 
Fast screen I/O 
Interrupt handler 


MAKE Maintenance Utility 


Macro definition support 
MS-DOS internal commands 
Inference rule support 
TOUCH date manager 
Tools in Source Code 


cat—UNIX style “‘type”’ 
diff—Text file differences 
fgrep—fast text search 
pr—Page printer 

pwd—Print working directory 
wc—Word count 


Datalight 


17505-68th Avenue NE, Suite 304 
Bothell, Washington 98011 USA 
(206) 367-1803 
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BASICO9 and OS-9 
Dear DDJ, 

Brian Capouch was mistaken when 
he asserted in ‘The OS-9 Operating 
System’ (January 1987) that the lan- 
guage BASICOY and the operating sys- 
tem 0S-9 “appeared together in 1981, 
a few months after the 6809 came 
into production.’’ For example, the 
May 1979 issue of Byte contained an 
ad from Southwest Technical Prod- 
ucts offering both an MP-09 Proces- 
sor Card and a 68/09 Computer w/ 
48K. As I recall, these products were 
being shipped in the second half of 
i973: 

This confusion is especially mis- 
leading because the reason for the 
BASICO9 project (which came 
to include OS-9) was to pro- 
mote the 6809 processor: BA- 
SICOI was to have provided 
an example of efficient cod- 
ing, fast execution, and also 
a language-on-a-ROM for use 
by OEMs. I was the supervis- 
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ing engineer for the project, ss 
and it was especially unfor- eS 
tunate for me that it had still eS 
failed to terminate by early oS 
1981, two years after the 







6809 was introduced. The 8- 
bit 6809 was competing with 
the 16-bit 8088 and often 
came up “a day late and a 
dollar short” by paper com- 
parison. BASICO9 would have 
helped, but by 1981 the new- 
design window for the 6809 
had pretty well closed. 
BASICO9 was to be com- 
posed of dynamically re- 
placeable memory modules; 
OS-9 was to be multitasking, 
real-time, reentrant, and dy- 
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namically reconfigurable. Of course, 
these are great buzzwords now, but 
consider how different these con- 
cepts are from the current MS-DOS 
system and how much better off 
wed be if MS-DOS had been forced, 
by competition, to include these 
features. 

Terry Ritter 

2609 Choctaw Trail 

Austin, TX 78745 


Hashing 

Dear DDJ, 

In response to Edwin T. Floyd’s 
“Hashing for High-Performance 
Searching” (February 1987), I present 
the following items: 


1. A hash code “qualifier” can be 
stored (along with the physical ad- 
dress of the data) in the hash bucket. 
The qualifier can be derived by a 
function similar to the hash function. 
When the hash bucket is searched 
for the desired key, the qualifier will 
most likely be unique for each differ- 
ent key. A physical read of the actual 
data item is then required to ensure a 
correct match; however, a hash miss 
becomes far less likely using this 
method. Because the data is kept sep- 














“I'm the same soulless, talentless hack as always, 


but MIDI makes the job a lot easier.” 


arate from the index, it has to be read 
anyway (especially in the case of a 
duplicate key), so this method in- 
volves extra overhead only in the 
case of a hash miss or because of the 
presence of a duplicate key. The ma- 
jor advantages of this method are 
that the index space required is 
greatly reduced and the search time 
for lengthy keys is minimized. For 
32-byte keys, for example, a linear in- 
dex (for binary search) would re- 
quire at least 34 bytes per entry (32 
for the key, 2 for the data address). 
Assuming a 4-byte hash code qualifi- 
er, however, an index entry in a 
hash bucket would occupy a mere 6 
bytes, with the search taking corre- 
spondingly less time. 

2. Hashing techniques used as a disk 
database indexing scheme are not 
much different from the RAM-resi- 
dent symbol table implementation 
presented by Floyd. Depending upon 
the size of the hash table, all or part 
of the table can be kept in memory, 
with some kind of buffering tech- 
nique being an integral part. 


A quick-access, hash-indexed data- 
base using the technique described 
above is available from us. It is a disk 
database offering hash- 
keyed and associative (rela- 
tional) access simultaneous- 
ly, which hints at the 
extreme versatility of hash 
indexing techniques. Al- 
though it does not make use 
of the move-to-front tech- 
nique, there is no reason 
why this optimization could 
not be used. It seems to me 
that MTF optimization 
would be especially useful 
when duplicate keys are 
involved. 

Dave Joy 

Joy Research & 

Development 

9403 Wallingham Dr. 

Spring, TX 77379 
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Dear DDJ, 

I was pleased to see hashing 
discussed in two places in 
the February issue. It is my 
experience in developing 
practical commercial pro- 
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Wendin’s Toolbox Tech 





Building a Custom Operating System 


With Operating System Toolbox you can design 
your own custom operating system. 


Last month, we gave an introduction 
to the features of Wendin’s Operating 
System Toolbox, a software construc- 
tion set for IBM PC’s and compatibles. 
This month we’ll describe how to 
write a shell and link it with the 
Toolbox to create a custom operating 
system. If you haven’t got one already, 
pick up a copy of the Toolbox from 
Wendin and follow along. The source 
code to the examples in this column is 
available on our own bulletin board at 
(509) 624-8093, 1200 baud. 


The Shell 


The shell is one of the most important 
parts of the operating system, since it 
determines how the system will inter- 
act with the user. The shell is simply a 
function written in C. Whenever a 
new process is created, it starts execut- 
ing the shell. The shell can examine 
the status of the current process by 
referencing fields in the process con- 
trol block, an internal data structure 
maintained by the Toolbox kernel. 
Such fields include the process status 
longword (PSL), its priority and its 
state. 

Our example allows two kinds of 
processes: user processes, which ac- 
cept commands from a terminal and 
execute them; and subprocesses, 
which just execute one program and 
quit. The shell can distinguish be- 
tween them by examining the PSL— 
SUBPROC bit in the current process 
PSL. A user command can create a 
process with this bit set to run a single 
program, or with it clear, to create 
another user process. This is as easy as 
giving a different number in one 
parameter of a create process system 
call, CREPRC. 


Shell Structure 


A user process basically performs two 
tasks over and over again: read a com- 
mand from the user, and process that 
command. This is done until a com- 
mand to exit the operating system is 
given. Input is read from the user with 
a QIO or RMS system call on the 
standard input device. A batch file will 
just have a filename instead of the 
name of a terminal here. Optionally, 
the shell can allow editing of input 
with function keys and arrow keys; this 
requires that the input function dif- 


ferentiate between file and non-file 
input devices. 


Once the input is read, it is ready 
to be processed. For simple shells, an 
if...elseif. . .else structure with string 
comparisons will suffice. For larger 
shells with more commands, it is easier 
to build a table of strings and an 
accompanying table of pointers to 
functions, so the shell can scan through 
the table and execute the correspond- 
ing function when it finds a match. 

A very important command to 
include in your shell is the command 
to run a program. You can run a 
program in your own process with an 
EXEIMG call, or as a separate process 
by calling CREPRC. In our example, 
CREPRC is used to illustrate the use of 
PSL___SUBPROC to differentiate be- 
tween processes. When CREPRC is 
called, you give it the name of a pro- 
gram to execute, the names of its 
standard input, output, and error 
devices, and several other parameters. 
The new copy of the shell that is 
executed when the new process starts 
is responsible for opening the stan- 
dard devices and loading the program. 

If you want the user process to 
wait until the program finishes before 
reading another command, you have 
to wait for the process to delete itself. 
When this occurs, an event flag will be 
set for the current process. To wait for 
this to happen, just use the WAITFR 
system service. If you want the pro- 
gram to run concurrently, just leave off 
the wait, and your shell will continue 
as soon as the other process has been 
created. 


The Example Shell 


Our example shell contains two in- 
ternal commands and the ability to run 
programs. The PS command gives a list 
of the processes currently in the 
system. The EXIT command calls the 
kernel function terminate, which exits 
the operating system and returns to 
DOS. If a command the user types 
doesn’t match either of these, the shell 
will create a subprocess to execute 
that command as a program. A sample 
dialogue with this shell is given in 
Listing 1. 

It’s easy to add a command to this 
shell. All you have to do is add another 
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else if clause to compare the input 
with the new command name, and 
appropriate code to process the 
command. For example, a newuser 
command could be added to the 
example shell with only a few lines of 
code. All it has to do is create a 
process without the PSL__SUBPROC 
bit set, and give a communications 
port as the standard input device. This 
allows another user to access the 
system from a remote terminal. 


c>example 
Welcome to the example shell. 
>PS 


Our process ID is 3 
The priority is 5 


>myprog 

This is a sample program running 
under the example shell. This 
program happens to be written in 
C, but it could have been written 
in any language. 





Listing 1. A sample of dialogue with the 
example shell. 


When you write your own shell, 
you can decide exactly how you want 
the commands to work. If you want, 
your dir command can just accept file- 
names or directory names like DOS 
does. You can just as easily write the 
dir command to accept complicated 
options for selecting files, like VAX/ 
VMS does. Or you can call it /s and 
have it accept different one-character 
switches, like UNIX. 

Next month, we'll get into the 
internals of Operating System Toolbox. 
If you’d like to learn more about oper- 
ating system design, or if you'd like to 
build your own custom operating sys- 
tem, get a copy of Operating System 
Toolbox from Wendin today. For exam- 
ples of more complex shells, you can 
buy PCVMS or PCNX, both of which 
demonstrate the power and flexibility 
of Operating System Toolbox. 


Operating System 
Toolbox: $99 
Wendin, Inc. 

PO. Box 3888 
Spokane, WA 99220 
(509) 624-8088 
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grams that indirect hashing consis- 
tently outperforms such often dis- 
cussed techniques as binary trees as a 
means for organizing data that is ac- 
cessed by name (that is, by the value 
of a string associated with the data). 

Although not explicitly stated, the 
techniques described by Floyd and 
Holub are types of indirect hashing; 
indirect hashing consists of the use of 
a fixed-size array of pointers (the 
hash table) pointing to chained lists 
of buckets, each bucket containing a 
data item and its name. The buckets 
are allocated dynamically from a 
heap. The name of each bucket in a 
given chain hashes to the index of 
the array element that points to the 
beginning of the chain. (Floyd incor- 
rectly defines buckets as the ele- 
ments of the hash table array.) 

Any bucket is reached by getting a 
pointer to the first bucket in a chain 
from the hash table and then travers- 
ing the chain from the first bucket. It 
is thus easy to keep a pointer to the 
previous bucket as each bucket is 
probed. Therefore, it is not necessary 
to associate a back pointer with each 
bucket, as Holub does. 

Because only one pointer need be 
associated with each bucket, the 
space overhead associated with indi- 
rect hashing can be held to H + N 
pointers, where H is the hash table 
size and N is the number of data 
items (that is, the number of buckets). 
The average number of probes is (1 
+ N)/2H. The space overhead for a 
binary tree with N data items is 2N 
pointers, and the average number of 
probes is at least log(N/2) (base 2 
logarithm). 

AS a specific example, with 1,000 
data items and a hash table size of 
250, the indirect hashing technique’s 
space overhead is 1,250 pointers and 
the average number of probes is 3. 
The binary tree’s space overhead is 
2,000 pointers and the best average 
number of probes is 9. 

Floyd states that hashing is effec- 
tive when ordering (for example, al- 
phabetical ordering) is not impor- 
tant. In fact, I have been using a 
hashing algorithm that permits al- 
phabetical ordering: the hashing al- 
gorithm consists of taking 256 times 
the ASCII value of the first character 
of the name, adding the ASCII value 
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of the second character, and dividing 
the result by 16. (This works with a 
4,096-element hash table.) Each chain 
of buckets is maintained in alphabeti- 
cal order by inserting each new 
bucket at the proper place in the 
chain. 

To read out all data items in alpha- 
betical order, then, you simply loop 
over the hash table elements and, for 
each nonnull element, read out the 
buckets of the chain it points to as the 
chain is traversed. Our products— 
source Print and Tree Diagrammer— 
both use this hashing technique. The 
simple hash code gives rise to a mod- 
erate amount of clustering, but I do 
not think the clustering is severe 
enough to seriously degrade probing 
speed. In fact, Source Print can index 
all variables within a source code file 
at about 6,000 lines per minute, and 
very little of this time is spent dealing 
with the hashing operations. 

Larry R. Miller 

Aldebaran Labs. 

3339 Vincent Rd. 

Pleasant Hill, CA 94523 


Baby Ducks 

Dear DDJ, 

The wish list for the ultimate editor 
(“Text Editors,” February 1987] sur- 
prised me a bit, as the one I use for 
word processing (simple stuff, such 
as this letter) and mostly for pro- 
gramming has virtually everything 
on the list. The package is KEDIT from 
Mansfield Software Group. It has ev- 
erything from the Must Haves list, 
and then some. In the Not Neces- 
sary ..., it also covers all. In fact, in 
the entire list of wishes, the only 
thing it cannot do is edit files larger 
than memory. 

I program in C, and I have macros 
to do things such as comment or un- 
comment a line (same key) and my 
Can't Live Without: given an if or for 
(while, until ...) statement, I press a 
key combo (Ctrl-F2) and it indents 
and puts an open bracket, blank line, 
and close bracket followed by a com- 
ment (the first 20 characters of the if 
or loop statement), then positions me 
at the first indented position of the 
blank line. I go from: 


fori=0; i<100; i+ +) 


to: 


forti=0; i<100; i++) 


\ /* for (i=0; i >100; i++). . .*/ 


in one keystroke. 

KEDIT has many other features, 
and for $125 it is one of the best buys 
around. No, I don’t sell KEDIT or 
know the firm, but I love to share 
knowledge about excellent software 
with others. 

Flip Nehrt 

1209 N. Topeka 

Whichita, KS 67214 


Dear DDJ, 

I read with great interest the article 
on word processing [February 1987]. 
I agree with Thomas and Turner 
about the baby duck syndrome. I 
wish to offer a wish list in reply: 


1. Text buffered to mass storage. Wait 
time should be minimal. Anticipa- 
tory loading and dumping could be 
implemented. 

2. Response to keyboarding should 
be adequate, so fast typists do not feel 
impeded by the computer. 

3. Reduced command set that works 
quickly. 

4. Wordwrap and left and right 
justification. 

5. Screen should display the printed 
page. Special fonts such as italics are 
unnecessary. After all, who wants to 
change a daisy for two words. Cute 
code is expensive. 

6. Block move, copy, delete, fetch, 
and store to disk. 

7. Search and replace globally with 
case insensitivity. 

8. Multifile and multiwindow. 


What I really want is an editor that 
can be tailored to the task at hand. 

As the good Doctor has always 
been at the forefront of new devel- 
opments—providing us with Tiny 
BASIC and Small-C—perhaps it or its 
readers could provide us with an edi- 
tor that is machine independent and 
extensible. 

Robert B. McCormick 

11 East Chestnut St. 

Bordentown, NJ 08505 

DDJ 
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Why are scientists, engi- Sa 
neers, and professionals iS 
switching to Smalltalk/V? 
Because it lets them do 
amazing things on their 
PCs, with a Mac-like 
interface and an 
easy-to-use object- 
oriented language. 

And with Smalltalk/V 
you get an unsurpassed 
array of problem-solving 
tools. You can even per- 
sonalize the entire system to 
suit your needs. 


Smalltalk/V is the program- 
mable environment that 
gives you total control of 
your computer and makes it 
what it was meant to be, a truly personal 
tool for your mind. 


Smalltalk/V 


| The Programmable Environment 
‘This is the real thing, folks. A super 
Smalltalk like this turns your PC into a hot 





workstation. It’s fantastic . . . Highly “Smalltalk/V, with its visual interface and 
recommended.” class structure, is a perfect way to simulate 
John C. Dvorak, the complex interactions of natural 


Contributing Editor, PC Magazine systems.” 


Lee A. Graham, Research Assistant 
“My background is in physical chemistry, Institute of Ecology, University of Georgia 
not in programming. I like Smalltalk/V 
because I can use objects in the computer to 
represent objects in the physical world.” 
Dr. Paul Soper, Senior Specialist 
E. I. du Pont de Nemours & Co. 


“I solve problems quickly using Smalltalk/V 
because its classes and objects help me 
organize my thinking. And besides, it’s fun 
to use.” 

Dr. Barry Fishman, Sr. Project Engineer 


“Smalltalk/V is a productive programming Hughes Aircraft Company 


environment that allows us to quickly 
develop sophisticated medical 
applications.” 





Dr. Mike McCoy, 
Dean for Instructional Computing 
UCLA School of Medicine 


BYTE and BIX are trademarks of McGraw-Hill, Inc. IBM, [BM-PC, and 
IBM PC-AT are trademarks of International Business Machines 
Corporation. Unix is a trademark of Bell Laboratories. 
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_“Smalitalk/V is the 
highest performance 
object-oriented pro- 

gramming system 
available for PCs.” 

Dr. Piero Scaruffi, 

Chief Scientist, Olivetti 
Artificial Intelligence Center 


“Smalltalk/V is an excellent buy 
and makes a good alternative 

to other programming 
~Janguages for the development 
-~ of complex applications.” 


Bill Wong, Director, PC Labs 
PC Magazine 


OG 


Other Smalltalk/V 


Features 
© (Object-oriented Prolog integrated 
with the Smalltalk environment 
© Supports exploratory programming and 
prototyping 
@ Class hierarchy with inheritance creates highly 
re-useable source code 
e Smalltalk source code included, with browser 
windows for easy access and modification 
@ (Qbject-swapping creates a virtual memory on 
hard or RAM disk 
e Bit-mapped graphics with bit and form editors 
e A sophisticated source-level debugger 
@ Automatic change log for easy recovery 
from errors 
© Powerful directory/file browser system for 
organizing DOS files 
© Access to other languages and DOS 
functions 
© 500 page manual with comprehensive tutorial 
and reference sections 
® Optional add-on modules 
¢ RS-232 communications interface with 
UNIX™ and TTY windows 
¢ EGA color graphics 
* “Goodies” diskette, including 
multiprocessing, music, zoom, object 
loader, and more 
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Things Computers 

Can Never Do 

Anyone who has witnessed the enor- 
mous improvements in computers in 
the last 40 years may get the impres- 
sion that computers will eventually 
be able to solve every well-defined 
problem. Progress in language un- 
derstanding and other forms of artifi- 
cial intelligence has been disappoint- 
ing, but human language is full of 
ambiguities, so that’s not a well-de- 
fined problem. Chess, on the other 
hand, is very well defined. Although 
it was once considered the epitome 
of intelligent activity, computers can 
now play chess better than all but a 
few human players. 

Some problems, although well de- 
fined, are too large to be solved in a 
reasonable time even on our largest 
computers. But surely, if a computer 
could be freed from all limitations on 
time and memory, couldn't it solve 
any well-defined problem? 

The surprising answer to this ques- 
tion, which was known to mathema- 
ticians even before the first real com- 
puters were constructed, is no. There 
are some things no computer can 


ever do because it can be proved that 





by Philip J. Erdelsky 


there are no algorithms to do them— 
just as there is no way to square a cir- 
cle with a compass and straightedge. 

These things are not mere mathe- 
matical curiosities. They are things 
that programmers would like to have 
their computers do for them and 








Philip J. Erdelsky, Data/Ware Devel- 
opment Inc., 4204 Sorrento Valley 
Blvd., San Diego, CA 92121. Philip is a 
software manager. 
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things that the suppliers of software 
development tools would like to in- 
corporate into their debuggers. Com- 
puter science curricula usually in- 
clude the subject of uncomputable 
functions, but programmers who are 
not computer science majors some- 
times ask for the impossible without 
realizing it. 

Alan Turing in 1935 asked whether 
there is a method by which a com- 
puter program can determine 
whether any other computer pro- 
gram will halt. This is the famous 
“halting problem.” Turing showed 
that it has no solution. 

A debugger with this ability would 
certainly be useful. Failure to halt 
normally is a common form of pro- 
gram failure. Moreover, the debug- 
ger could be applied successively to 
parts of the failed program to isolate 
the part that is hanging up. 

It is not obvious that such a debug- 
ger is impossible. Of course, the de- 
bugger can’t just single-step the pro- 
gram to see if it halts. If the program 
doesn't halt, the debugger could run 
forever without determining that 
this is the case. Or it might give up just 
as the program is about to terminate, 
as human programmers sometimes 
do. At some point, the debugger 
would have to be able to say, ‘Aha! 
This loop is infinite!’’ It seems as 
though a cleverly written debugger, 
having all the tools of modern high- 
level languages at its disposal, might 
be able to do that. 

The impossibility proof is based on 
the following argument. If you have 
a debugger that can solve the halting 
problem, given unlimited time and 
memory, then you can use the same 
code to make the debugger do other 
things, some of which are self-contra- 
dictory and hence impossible. 

The particular computer language 
is not important. If you can solve the 
halting problem for one language, 
you can solve it for another. Just use a 
compiler or other translation pro- 
gram before solving the halting prob- 
lem. Notice that translating an assem- 
bly-language program to a higher- 
level language is quite easy, although 
the object program is bound to be in- 
efficient. The goal, however, is to 
show that a solution to the halting 
problem is impossible, not merely 


inefficient. 

Turing himself proposed a mini- 
mal machine that has come to be 
called the Turing Machine. Its memo- 
ry was supposed to be infinitely long 
but only one bit wide, and the ma- 
chine had only sequential access to it, 
as with a tape. The programming 
language was essentially a flowchart, 
with only a few basic commands. 
Nevertheless, Turing showed that his 
machine was able to emulate any 
other machine, given enough time 
and a suitable program. Such a con- 
struction is not necessary for our 
purposes—you can imagine that the 
computer is programmed in some fa- 
miliar high-level language. 

Now consider the problem of de- 
termining whether a program can 
print out a specified string S (with or 
without other output). If you can 
solve the halting problem, you can 
solve this problem. Just replace every 
print statement in the program with 
a routine that does not send the out- 
put to the printer but keeps track of 
the output and halts when the string 
S appears. Then, to keep the program 
from halting for any other reason, re- 
place all the halt statements in the 
program with endless loops. Then 
solve the halting problem for the 
result. . 

Such a program would be useful in 
itself because many run-time errors 
produce distinctive messages, and it 
would be helpful to predict in ad- 
vance that such errors will occur. 

Because this applies to any string S, 
you can also determine whether a 
program prints out a copy of itself. 
This is not as curious as it appears at 
first glance. It is easy to write a 1,000- 
character program that prints out all 
combinations of 1,000 characters in- 
cluding itself. In fact, 1,000 charac- 
ters is probably an over estimate of 
the number of characters required 
in most high level languages. 

Now you Can write a program to do 
the following things. First, generate, 
one by one, all possible programs. 
The easiest way to do this is to gener- 
ate all strings and check each one to 
see whether it is a program. Compil- 
ers do this when they check syntax. 
Then check each program to see 
whether it prints out a copy of itself. 

(continued on page 140) 
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ONLY ECCELL— 

THE ECC-PROTECTED 
MEMORY CARD— 
CAN KEEP YOU FROM 
BECOMING THEIR 
NEXT VICTIM. 


If you’re aserious AT user, you live in 
constant fear of seeing this memory error 
message: 





PARITY CHECK 2 





That’s your friendly AT’s way of saying, 
“All your long hours of hard work just went 
- down the tubes’ 
About then you start suspecting gremlins in 
| your AT’s memory. The fact is, these errors can 
be caused by a single bad RAM bit out of a pos- 
sible 256 million* The odds are against you. 
! Whatever the cause, these memory crashes 
become more common when you add a lot of 
AT memory or leave your system on day and 
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Now the good news. One memory card offers 
a solution to this potentially disastrous prob- 
lem: Orchid’s ECCELL” And only ECCELL. 


KEEP WORKING WHEN 
THE CHIPS ARE DOWN. 


With ECCELL, you're protected against 
losing all your valuable work due to AT memory 
crashes. Only ECCELL uses an ECC (Error 
Correction Code) mechanism to continuously 
check for errors—and actually correct them 
before they can do any harm. No other AT 
memory card does this. 

ECC protection has been available on main- 
frames and minicomputers for years. Now 
ECCELL brings this sophisticated technology 
to the AT user. 


MEAN TIME BETWEEN FAILURES: (Based on 6 Megabytes of RAM memory) 


UL 
A831 Ga) 


2.5 
WEEKS 








DON’T PAY EXTRA 
FOR 1/0 PORTS YOU DON'T NEED. 


If you need to connect more peripherals, 
ECCELL offers optional serial/ parallel or dual 
serial ports. Unlike other cards, if you don't 
need them, you don’t pay for them. 


ADD 3 MEGABYTES OF RAM 
PER CARD. 


Using multiple ECCELL cards, you can 
install up to 12 Megabytes of ECC-protected 
RAM. Installation takes only minutes, guided 
by an intelligent set-up program. 

So don’t become the next victim of the AT 
memory gremlins. Protect yourself with 
ECCELL. Call (415) 490-8586 today. Or contact 


ECCELL is a trademark of Orchid Technology. All other 
your local dealer. product names are trademarks of their manufacturers. 


ECCELL 


ORCHID TECHNOLOGY 

45365 NORTHPORT LOOP WEST 

FREMONT, CA 94538 é poet 
(415) 490-8586; TLX 709289. SS Lor 


ORCHID (EUROPE) ITD., 
UNIT 9A, INTEC-2, 
WADE ROAD, 
BASINGSTOKE, HANTS, 
RG24 ONE, 

GREAT BRITAIN; 

TEL 0256-479898; 

TLX 946240; 

REF: 19023380 







¥ : DER SERVICE CARD 
night—like you do for network file servers, TED Bs ee ON READER SERVIC 
bulletin boards or host emulation. HANDLE DOS, PROTEC CO WSS 

*Based on 16 megabytes of RAM. MEMORY AND EMS. $ a 


| 


ECCELL gives you conventional DOS 
memory up to 640K. Extended memory that Eh 
supports protected mode DOS. And expanded A 
memory conforming to the Lotus*/Intel/ : 
Microsoft® EMS standard. Plus ECCELL can be 

used Wi iy er AT memory expansion cards. 
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Sound Envel 


by David Levitt 


These programs 






half of this century. 





Timbre 
opments during the past few ma ke it easier In the 1950s, Max Mathews of 
years have pushed the first Se se Bell Laboratories was among 
grand visions of music soft- Se or musical novices the first to explore the com- 





ware enthusiasts rapidly to- 
ward reality. Moreover, the | 
wide adoption of MIDI and 
decreasing hardware costs mean that discoveries move 
quickly from laboratories into recording studios and 
homes. In fact, today’s music algorithms originate both in 
research labs and in the dens of readers of journals such 
as this one. 

This article includes a brief history of computers in mu- 
sic and then focuses on recent developments in several 
areas: MIDI, sampling, transient-oriented synthesis meth- 
ods such as the Karplus-Strong algorithm, and programs 
that compose and collaborate on original music. 


Ada Augusta’s Vision 
Countess Ada of Lovelace speculated thus on musical ap- 
plications of the first computer—Charles Babbage’s un- 
finished Analytical Engine—in the 1840s: “Supposing, for 
instance, that the fundamental relations of pitched 
sounds in the science of harmony and of musical compo- 
sition were susceptible of such expression and adapta- 
tions, the Engine might compose and collaborate scientif- 
ic pieces of music of any degree of complexity or extent.” 
It took more than a century before Babbage’s vision 
was realized in the first electronic computers; today, af- 
ter more than 30 years of experiments with computer- 
generated sound, Ada’s vision is finally close at hand. In 
the interim, “computer music’”’ has taken on the role 
played by atonal and “experimental” music in the first 


polices ae eatee an ane eee 2 ae 
David Levitt, 117 Harvard #3, Cambridge, MA 02139. David 
is a research scientist in the Entertainment Group at the 
Massachusetts Institute of Technology’s Media Laboratory. 
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to make music. 






puter as a generator of as yet 
unheard sounds. At night, 
, Bell Labs’ computers became 
generalized timbre generators, and Mathews’ FORTRAN- 
based MUSIC V language became the first digital signal gen- 
eration language intended for composers. 

Mathews experimented with composing algorithms, 
too. In one funny piece the computer “interpolated” be- 
tween two traditional melodies, gradually replacing the 
notes of one melody with notes from the other. Still, MUSIC 
V was primarily a timbre-generation language; it wasn’t 
useful to people who wanted to deal primarily with pitch 
and meter, such as professional composers and musicians 
who use standard music notation. For decades, MUSIC V 
and its relatives (including MUSIC 360 and MUSIC 11 from 
MIT's Barry Vercoe) defined a field by providing semipor- 
table software laboratories for exploring timbre. 

Timbre experiments fall into two categories: efforts to 
imitate (or somehow, improve upon) familiar sounds— 
for example, the realistic synthetic piano or violin—and 
efforts to create new kinds of sounds, or transitions be- 
tween sounds, that are unfamiliar but intrinsically inter- 
esting. It was harder than people thought to approximate 
some natural sounds and not especially easy to build a 
synthetic orchestra that sounded as good as a real one. On 
the other hand, the possibilities for new sounds, and 
pieces based on them, beckoned. Computer music quick- 
ly became the new digital branch of electronic, experi- 
mental music. 

This trend continued into the 60s and 70s when Stan- 
ford’s Center for Computer Research in Music and Acous- 
tics (CCRMA) laboratory gained prominence. John Chown- 
ing, cofounder of CCRMA (pronounced ‘‘karma”’), showed 
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that frequency-modulating a simple audio signal with a 
second signal in the audio band resulted in rich timbres— 
the idea that became Yamaha’s DX/TX FM synthesizers al- 
most 20 years later. More recently, CCRMA scientist Marc 
LeBrun generalized the FM algorithm, creating a more 
powerful method known as nonlinear waveshaping. In 
the 70s, former CCRMA students such as Andy Moorer and 
F. Richard Moore founded the IRCAM music research lab 
in Paris, Lucasfilm’s audio lab, and University of Califor- 
nia at San Diego’s computer music program. These groups 
developed special signal-processing hardware to synthe- 
size timbres quickly, often in real time. 

Despite such advances, many people still liked sounds 
made by banging, plucking, and blowing into physical 
objects as much as or more than synthetic sounds. This 
wasn't simply a matter of familiarity or cost; something 
was missing from most of the synthetic sounds and still is. 


Gesture and Graphics 

Part of the problem is the absence of gesture. Today's 
timbre software is best at controlling the loudness, pitch, 
and timing of a sound independently of timbral parame- 
ters. In natural instruments, the timbral details are often 
nonlinearly coupled with loudness, pitch, and even tim- 
ing. How would you describe the different ways and 
speeds in which a violinist can move a bow? Or the differ- 
ent ways a flautist blows a flute? Most software doesn't 
try. Not only do most input devices have too few degrees 
of freedom but also the software doesn’t provide easy 
access to the right parameters. 

Other natural instruments have more high frequencies 
when you strike them harder. So even a percussive in- 
strument such as the piano has a nonlinear, velocity-cou- 
pled component that will be missed in a synthetic instru- 
ment with a linear loudness model. The gestural 
subtleties in natural instruments are poorly understood, 
but evidently they are important to many listeners, and 
they make it hard for synthetic timbres to compete. 

Gesture has always been a central concern for William 
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Buxton and his students at The University of Toronto. In 
the 70s, Buxton’s lab gained prominence by focusing on 
the quality of interaction with the computer while mak- 
ing music with it. Buxton’s work made extensive use of 
pointing devices, graphics, and other innovations. 

In the same period, Alan Kay's group at Xerox PARC, 
which also held user interaction sacred, made a music 
system with FM, graphical timbre design, and simple | 
score editing. This was followed by Mockingbird, an in- 
teractive music editing program by John Maxwell III and 
Severo Ornstein, also from Xerox PARC. Mockingbird al- 
lowed users to edit a rough transcription of a keyboard 
performance with the mouse, using traditional music no- 
tation. Its capabilities still exceed those of today’s com- 
mercial music editing software. Meanwhile, Don Byrd at 
the University of Indiana produced SMUT, the most versa- 
tile program for printing standard musical notation. 


Transients | 

Lack of gesture is only part of the problem with today’s 
synthetic timbres. Most timbre algorithms provide control 
over the steady-state frequency spectrum of the sound, but 
that is not the best way to control its subjective effects. 
Listeners are especially sensitive to transients—short (50 
milliseconds or less) periods of sudden change—especially 
in the initial attack. We have no trouble recognizing a pi- 
ano on cheap speakers, though most of the low and high 
frequencies are missing, because the changes in the parts 
we do hear are correct. In fact, experiments show that, if a 
steady violin tone is preceded by the attack from a trum- 
pet, most people hear a trumpet. Transients dominate. But 
traditional timbre creation methods such as additive syn- 
thesis (adding up harmonics with different amplitudes) 
and FM don’t provide direct control over them. 

In 1983, Stanford student Alex Strong invented a simple 
method for controlling attack transients. He didn’t use the 
fancy signal processors from up the hill at the CCRMA lab; 
instead he hunted for a way to make more interesting 
sounds on his 8080 homebrew computer, the size of a 
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shoebox. He toggled in an 8080 program (the machine had 
no keyboard), and in real time it generated what sounded 
just like a plucked guitar string. 

Strong teamed up with Kevin Karplus, another Stan- 
ford student, to create the Karplus-Strong algorithm anda 
new approach to synthetic timbre design. The algorithm 
is simple: one cycle of the sound is stored in a memory 
buffer and is played repeatedly through a digital/analog 
converter. The pitch is determined by the size of the buff- 
er and the rate at which samples are played: 


pitch =samprate/bufsize 


This is the way wave tables work in many simple synthe- 
sis programs. But with Karplus and Strong's scheme, each 
time the waveform is played, a filtered version is comput- 
ed and stored back where the previous waveform was. 
Thus the algorithm defines a feedback loop in which a 
filter is used over and over to transform the waveform 
data. 

If the buffer waveform is initially white noise, and the 
filter is a simple, first-order low-pass filter, we have 
Strong’s basic guitar algorithm. Intuitively, we see that 
each time through the loop, more and more of the high 
frequencies are filtered out, so the sound changes quickly 
from a sharp scratch to a pure tone at the frequency 
samprate/bufsize. This is the plucklike guitar attack. 

‘Strong implemented the low-pass filter by averaging ad- 
jacent samples—simply adding and right-shifting pairs of 
samples on the 8080—and was able to produce two guitar 
voices in real time with no special hardware. With slight 
changes in parameters, the algorithm also produced con- 
vincing banjo sounds. 

Algorithms such as Karplus-Strong have not yet been 
fully explored. Still, the essential idea is important: de- 
signers can gain control over the attack and other tran- 
sients by creating a filter that describes relative rates of 
change in the sound’s frequency components. A low-pass 
filter in the feedback loop means the higher frequencies 





fade, as in a “pluck” attack; a high-pass filter means the 
higher frequencies grow, as in a horn or other brass in- 
strument attack. (I am not aware of attempts to produce 
brass sounds with Karplus-Strong; this is a research topic.) 

So, timbre designers are still learning new ways to cre- 
ate synthetic sounds that listeners find realistic or appeal- 
ing. Some day we may yet have synthetic sounds that 
unquestionably improve on their physical predecessors. 


Sampling 
Until then, we're being rescued by falling memory costs. 
If we can't easily improve on natural sounds, we can re-: 
cord them into digital samples, then resample (scale the 
frequency) and loop, playing them back with a different 
pitch, loudness, and duration. The digital recording 
means the whole sound— including transients—is faith- 
fully captured. We still have to account for nonlinear scal- 
ing, usually by recording several samples over a range of 
pitch and loudness values. To make an instrument based 
on a human voice, for example, we sample several voices 
in different ranges; then when we play a high note, it will 
sound like a soprano, not like Alvin the Chipmunk. 
Sampling memory is at the heart of the Kurzweil, Emu- 
lator Il, Prophet 2000, and many other recent synthesiz- 
ers; the samplers are sure to decrease in cost and increase 
in popularity. Today 8-bit samplers are available for less 
than $2,000. Within a few years the 16-bit, 44.1-kHz per 
channel format used in audio compact discs is likely to 
become the standard for computer sound sampling, too. 


MIDI 

Of all these innovations, the introduction of the MIDI (Mu- 
sical Instrument Digital Interface) standard in 1984 is hav- 
ing the greatest effect on modern music software. MIDI 
has several limitations, covered in more detail in Mark 
Gavin's MIDI article in this issue, but the very existence of : 
an interface standard has helped programmers focus on 
issues that are independent of the synthesis technology — 
that is, on music composition and user interaction rather 
than timbre design. : 

On the plus side, MIDI has the necessary rudiments for 
gestural control: velocity and aftertouch for keyboard in- 
struments and other linear control options (for example, 
for pedal and breath control). MIDI even includes space 
for instrument makers to invent their own new codes. 
MIDI's demerits include no standard codes for polyphonic 
pitch bending (so most MIDI synthesizers have a fixed 
chromatic tuning) and a 31.25-kilobit/sec data rate that is 
simply too slow for some dense polyphonic pieces. 

Despite its flaws, MIDI is making event-level recording 
and computer control the rule rather than the exception 
in new instruments. Companies such as Yamaha have 
even begun to include MIDI outputs in their acoustic pi- 
anos. 

This means a welcome end to computer music, which 
we needn't distinguish from ‘‘real’’ music for much long- 
er. Presumably other media suffered an early period in 
which the technology was so peculiar it dominated the 
perceptions of both artists and audiences. Still, we don’t 
consider the hardcover novel a separate art form, and it’s 
hard to imagine a book so dull that our first comments 
would be about the paper it’s printed on. Now that virtu- 
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ally every music studio has a MIDI synthesizer and will 
soon have a computer, computer music will fade into the 
past. and innovative composers will find new ways to 
distinguish themselves. Thus MIDI is nudging us nerds 
away from timbre design and toward composition soft- 
ware —the rhythm, melody, and harmony problems 
that have remained the backbone of music theory, the 
music business, and musical communication. 


Algorithmic Composition 

The rest of this article touches on the current state of this 
exciting musical field: representing the knowledge of the 
composer and improvisor in software. This is what the 
countess dreamed of when she wrote that “the Engine 
might compose and collaborate scientific pieces of mu- 
sic....” Algorithmic composers write programs that de- 
termine what notes to play and when. This has little in 
common with timbre design; algorithmic composers 
might even dislike synthetic timbres, preferring to print 
the scores their programs generate so they can be read and 
performed on natural instruments by human musicians. 
Thus, algorithmic composers are a small, almost separate 
subculture of music programmers—often working inde- 
pendently in the same laboratories as their timbral coun- 
terparts. 

I have been writing programs that improvise jazz and 
arrange a melody in a given musical style for about ten 
years. My graduate work in the MIT Artificial Intelligence 
Lab entailed writing LISP programs that represent chords, 
melodies, and relationships between them—much as I do 
when I improvise jazz, invent a new exercise, or solve a 
musical problem at the piano. I have developed style tem- 
plates that use a given melody and chord progression and 
create simplified parodies of bass players, bebop, rag- 
time, and New Orleans jazz ensemble improvisation. 

Others in the field include Fry, who also wrote jazz 
improvisation programs at MIT. His most advanced pro- 
grams could write an additional chorus for John Col- 
trane’s famous Giant Steps solo or Iron Butterfly’s “In a 
Gadda da Vida.’ David Wessel, now in Paris at IRCAM, 
writes programs that produce convincing, often over- 
imaginative, blues solos. Peter Langston of BellCOR has 
produced three-part rock harmonies and pieces based on 
organic “growth” algorithms. 

Laurie Spiegel was a composer/scientist in Max Math- 
ews’ area at Bell Labs and today makes her living as a 
composer in New York City. Her programs reflect her in- 
terest in folk melodies and traditional harmony. Spiegel's 
programs are sufficiently subtle and musical that people 
assume her pieces weren't written with a computer. 

Bill Schottstadt developed the Pla composing language 
at CCRMA, where he and others use it for algorithmic com- 
position of relatively traditional pieces. For instance, 
when CCRMA student David Jaffe extended the Karplus- 
Strong algorithm to simulate a particularly realistic banjo 
and guitar, he used Pla algorithms to build a parody of 
Kentucky bluegrass arpeggios in an arrangement he 
called ‘‘Silicon Valley Breakdown.” 

Roger Dannenberg of Carnegie Mellon University has 
been pioneering a different area: software that accompa- 
nies a live performer, following the tempo and playing 
all the other parts. Barry Vercoe and Miller Puckette of 
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MIT have a similar program, which also learns to antici- 
pate the performer on subsequent rehearsals. 

In short, we are seeing a renaissance of knowledge- 
based music composition and collaboration software. Al- 
though most of these projects are based in university re- 
search labs, the software can also run on personal 
computers. For instance, we have several such programs 
running on the Macintosh at the MIT Media Lab. More- 
over, several algorithmic music software titles have ap- 
peared on the market in 1986 and 1987. 

In Laurie Spiegel’s Music Mouse for the Macintosh, a 
performer controls the overall motion of up to four voices 
using the mouse, while the program fits the performer's 
gestures into a selected scale (for example, Major, Penta- 
tonic, or Middle Eastern). Notes are also constrained to 
change only on metrical time boundaries, so every ges- 
ture is automatically both tonal and rhythmically ‘“‘musi- 
cal.” Typewriter keyboard switches provide control over 
a range of other musical parameters. 

In Bob Campbell’s Instant Music for the Amiga, the per- 
former can control pitch with the mouse while seeing 
harmonic and rhythmic information on the screen. Im- 
portant harmonic relationships are indicated cleverly by 
color. In one mode, you collaborate with the computer on 
a lead line: you control pitch while the program controls 
rhythm. When your ideas conflict, you can hear and al- 
most feel the tension—again without losing “musicality.” 

David Zicarelli’s Jam Factory, also for the Mac, segments 
your MIDI performance into phrases and plays them 
back—either with new accents or stochastically scram- 
bled (using a Markov algorithm) into a sort of musical wall- 
paper that’s like what you played. For each of up to four 
performances, you control about a dozen playback param- 
eters with the mouse and can play along with them. 

Zicarelli also contributed to Joel Chadabe’s M, an inter- 
active composing and performing system. Chadabe has 
been making composing algorithms for years; I haven't 
had a chance to try his program yet. 

Most of these programs make it much easier than ever 
for musical novices to make a piece of music that sounds 
good. The knowledge in the program provides a substi- 
tute for musical virtuosity. As computer scientist Alan 
Kay likes to ask: Is it an intelligence amplifier or just a 
prosthetic? To the author of the program, it’s an amplifi- 
er; she or he already knows the musical concepts and is 
controlling them with greater leverage. For some users, it 
might be a crutch; but programs that provide graphic or 
other feedback can show novices what the computer is 
doing and what knowledge it is using. Then the programs 
can be more like ‘training wheels,” temporary stabilizers 
that can eventually come off. Ultimately, users them- 
selves will decide. 


Notes 
1. Robert Taylor, ed., Scientific Memoirs, Vol. III: Ada Au- 
gusta, Countess of Lovelace Johnson, 1943). 
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changing microcomputer mar- 
ket without hardware and soft- 
ware standards. Standard architec- 


I magine designing products for a 


tures such as IBM PCsand Apples have | 
led to a proliferation of new micro- | 


computer products, and the develop- 
ment of MIDI (Musical Instrument Dig- 
ital Interface) has resulted in a similar 
revolution in the music industry. By 
providing common ground for com- 
munication, MIDI allows software en- 
gineers and musicians to access a 
wide range of synthesizers, comput- 
ers, and musical controllers. 

MIDI has become virtually uncon- 
tested as a means to link synthesizers 
and computer equipment and is now 
finding acceptance in many related 
industries such as lighting control, 
film editing, and automated audio 
mixing. By supporting real-time ac- 
cess tO sO many devices, MIDI has 
opened new dimensions for record- 
ing, composition, and live perform- 
ance. Now musicians can generate 
orchestral scores with banks of rack- 
mounted synthesizers, coordinate 
sound and visual effects, and even 
transmit stored musical data over 
phone lines. 

In this article I outline several ap- 
plications of MIDI and I suggest sever- 
al ways to get started writing your 
own MIDI software. I have listed some 
of the current products and manu- 
facturers, but these listings are by no 
means complete. They are given only 
to provide a starting point for obtain- 





Mark Garvin, Xymetric Productions, 
211 W. Broadway, New York, NY 
10013. Mark has worked in both music 
and electronics for 15 years. He re- 
cently designed an eight-port MIDI con- 
troller that runs on the IBM PC/AT. 


22 


ing additional information. 





by Mark Garvin 





Here are ways 
to get started 
writing your own 
MIDI software. 


Overview 

The MIDI specification has remained 
reasonably intact since it was first 
proposed by synthesizer manufac- 
turer Sequential Circuits in 1982. It is 
sufficiently specialized to handle 
most direct musical communication, 
yet its generality has allowed it to 
adapt to applications that were not 
foreseen when it was originally 
drafted. 

MIDI entails both a hardware and a 
software specification: the hardware 
consists of a relatively fast optically 
isolated serial loop with separate ca- 
bles for send and receive; the soft- 
ware provides detailed methods for 
transmitting note-control data and 
looser specifications for handling in- 
teraction between products from dif- 
ferent manufacturers. MIDI works in 
much the same way as an RS-232 mo- 
dem protocol, but it is optimized for 
musical data. Modern MIDI record/ 
playback systems could be regarded 
as a type of multiprocessor network 
because an intelligent master (key- 
board or computer) controls a series 
of devices, each with its own on- 
board intelligence. 

MIDI commands include NOTE-ON 
and NOTE-OFF, response MODE for fil- 
tering received signals, REAL-TIME 
messages for coordinating events, 
and SYSTEM COMMON and EXCLUSIVE 





Music Recorder 


commands for setting up songs or ad- 
dressing a particular brand of syn- 
thesizer. This simple instruction set 
allows enough flexibility to accom- 
modate most synthesizer architec- 
tures while providing much needed 
universal music commands. As more 
manufacturers have realized the ad- 
vantages of communicating with a 
wide array of musical equipment, 
MIDI's popularity has mushroomed. 
Few synthesis instruments are sold 
today without MIDI interfaces. 

All MIDI documentation is now 
handled by the International MIDI As- 
sociation (IMA). (See the box on page 
48.) 


Products 

Fortunately, the high level of compe- 
tition among musical instrument 
manufacturers has been offset by 
specialization: small companies can 
offer transmit-only devices, such as 
high-quality keyboards with no 
sound output, or receive-only de- 
vices, such as sound generators that 
respond only to MIDI input. Undoubt- 
edly, the broadest new field is that of 
software-based controllers. These 
usually connect between a keyboard 
(or other source) and a sound genera- 
tor, where they monitor and control 
MIDI communication. Some of the 
newer MIDI-based products include 
guitar, voice, and even xylophone-to- 
MIDI converters (Roland, Fairlight), 
software-hardware retrofits for 
playing digitized notes from personal 
computers (Hybrid Arts), MIDI-con- 
trolled reverb and echo units (Lexi- 
con, KORG), and MIDI-controlled audio 
mixing consoles (AKAI). 


Synthesizers 
Early synthesizers—used for scoring 
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so many old science-fiction movies— 
were assembled from several mod- 
ules that were interconnected man- 
ually by patchcords. These and other 
voltage-controlled instruments have 
now attained a certain vintage status. 

New instruments use computer- 
ized signal routing, and modern 
sound-generating techniques range 
from additive synthesis (Kawai), FM 
synthesis (Yamaha), and phase-distor- 
tion synthesis (Casio) to actual digital 
recording, or sampling, of natural 
sounds (Sequential Circuits, E-Mu, 
Kurzweil). 

Additive synthesis uses the addi- 
tion of several sine-wave compo- 
nents to produce an output wave- 
form. Theoretically, any waveform 
can be broken down into sine-wave 
components by using a process 
known as Fourier analysis. It follows, 
then, that any waveform can be re- 
created by adding these same sine- 
wave components. In actual applica- 
tion, the process is not so simple; the 
human ear quickly becomes bored 
with the static, or unchanging, wave- 
form that is created. It is this static 
characteristic of early synthesizers 
that contributed to the stereotyped 
monotonous or bland sound. 

The waveforms generated by tra- 
ditional acoustic instruments change 
as notes are being played, so recreat- 
ing the natural timbres of these in- 
struments requires real-time control 
over the amplitudes, or envelopes, of 
the sine-wave components. In early 
synthesizers, this was approximated 
by the use of an envelope generator 
that cycled through Attack-Decay- 
Sustain-Release (ADSR) states in re- 
sponse to key-down and key-up 
events. Patching the ADSR generator 
into voltage-controlled filters and 
voltage-controlled amplifiers provid- 
ed a primitive level of control over 
the harmonic structure of the wave- 
form. Newer machines sometimes 
use a separate programmable enve- 
lope for each sine-wave component 
of the waveform. With sufficient 
control of the amplitudes, any con- 
ceivable sound can be recreated 
without having to use digitized wave 
samples. This is the objective of the 
resynthesis or adaptive synthesis ma- 
chines, such as Roland’s digital piano. 

FM synthesis uses a limited num- 
ber of sine-wave oscillators with indi- 
vidual envelopes, so in this respect it 


Dr. Dobb’s Journal, May 1987 


bears some resemblance to resynthe- 
sis methods. One significant depar- 
ture is in the way the oscillators are 
configured: different algorithms can 
be chosen to allow oscillators to inter- 
modulate, creating rich and some- 
times enharmonic frequencies. The 
resulting output can range from clan- 
gorous-sounding bells to human- 
sounding voices, but FM machines 
are relatively unpredictable and dif- 
ficult to program. 

Phase-distortion synthesis involves 
scanning a simple (usually sine) wave 


MIDI works 
in much 
the same way 
as an 
RS-232 
modem protocol. 


and varying the scan rate as the wave 


is being replayed. In other words, the 
leading edge of the sine wave can be 
scanned rapidly so it appears to be a 
nearly vertical edge; the trailing edge 
can be scanned more slowly so it has 
a tapered slope. The resulting saw- 
tooth waveform is much richer in 
harmonics than the flute-like sine 
wave. Dynamic variation of the scan 
rate can change the shape and timbre 
of the waveform as a note is being 
played. 

Some of these methods of sound 
generation may seem to make the use 
of waveform sampling unnecessary, 
but in fact samplers can usually do 
much more than recreate natural 
sounds. For example, precise (up to 
16-bit) digitizations of orchestras, 
drums, waterfalls, or human voice 
can be altered and played back at any 
pitch. The elite of the sampling syn- 
thesizers (Fairlight, New England Dig- 
ital) can cost hundreds of thousands 
of dollars, but they eliminate the 
need for a lot of expensive equip- 
ment in a recording studio. New Eng- 
land Digital even advertises a tapeless 
studio that records audio tracks di- 
rectly to a high-capacity hard disk. 


Optical Media offers prerecorded 
sound libraries on CD ROMs. Such sys- 
tems are becoming more affordable 
as the cost of mass storage continues 
to drop. 


Patch Editors and Librarians 
These diverse methods of sound syn- 
thesis have introduced a new class of 
problems: a few potentiometers on a 
front panel are no longer sufficient to 
program (that’s right, program) a syn- 
thesizer. One manufacturer claims 
that, if all of its front-panel functions 
were to be made available at once, its 
synthesizer would be 17 feet long. In- 
stead of overlaying the limited set of 
front-panel controls with multiple 
modes, synthesizer front-panel func- 
tions can usually be accessed by send- 
ing a special set of MIDI SYSTEM-SPE- 
CIFIC commands from a computer 
outfitted with MIDI ports. 

Synthesizer programming has be- 
come an art in the same sense as actu- 
al performance of music, and album 
covers frequently give credit to 
sound programmers, even if they do 
not perform on the album. The 
sound programs, which can make or 
break the sound of a synthesizer, are 
known as patches. Good program- 
mers frequently make a living solely 
by selling their patches, either in the 
form of instruction sheets that sim- 
ply explain how to recreate the origi- 
nal sounds or in a downloadable bi- 
nary form on floppy disks. Disk- 
based systems require the use of a 
patch librarian program to organize 
and access patch files. Most patch li- 
brarians allow two-way communica- 
tion between the synthesizer and 
computer, so patches can be sent toa 
synthesizer, modified with the use of 
the synthesizer’s controls, and sent 
back to be archived on disk. Some so- 
phisticated librarians (Voyetra) can 
handle several different types of syn- 
thesizers or even download rhythm 
patterns to electronic drum 
machines. 

Patch editor programs differ from 
patch librarians in that they can actu- 
ally alter the sound of a patch. Just as 
the term implies, MIDI system-specif- 
ic messages usually are specific to a 
certain brand and type of synthesiz- 
er, so most patch editors are designed 
to work with only one or two types 
of machines. The system-specific 
messages that are sent by these edi- 
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MUSIC RECORDER 
(continued from page 23) 


tors are prefixed by an address code 
that tells other types of machines to 
ignore the data that follows, so patch- 
es can be sent to one device in a MIDI 
network without problems resulting 
from other machines misinterpret- 


ing the data. System-specific codes | 


are usually published along with 
other technical data in a synthesiz- 
er’s instruction manual. 

Some vendors, such as Bacchus 
Software, specialize in patch editor 
programs. Bacchus’ IBM PC-based edi- 
tor is a SideKick-style memory-resi- 
dent program that pops up over an- 
other running music program. Its 
main function is editing and archiv- 
ing patches for the popular but diffi- 
cult to program Yamaha DX-7 synthe- 
sizer. It is usually in the best interests 
of manufacturers to either write 
their own micro-based editors or to 
hire third-party software writers to 
support their products. For example, 
DigiDesign’s waveform-editing pro- 
grams allow data to be downloaded 
from sampling synthesizers, dis- 
played, altered, and sent back to a 
sampler to be played. They support 
several brands of synthesizers, and 
manufacturers value their support 
because they make the samplers 
much more accessible and market- 
able. Some manufacturers even fea- 
ture DigiDesign’s software in their 
own ads and exhibits. 


Sequencers 

One of the many advantages MIDI af- 
fords is the ability to intercept and 
record musical events. The recorded 
data can be manipulated in ways that 
were impossible using standard au- 
dio tape recorders. Transposition 
(pitch shift), copying, and rearrang- 
ing can be accomplished with soft- 
ware alone, and errors made during 
the recording process can be correct- 
ed without having to do retakes. 
Compositions can even be replayed 
while changing synthesizer patches, 
so a part that was originally written 
for a cello-type voicing could be tried 
out with a piano sound. 

MIDI-based recorders or composi- 
tion programs are sometimes known 
as sequencers (a carry-over from old 
analog instruments). In the modern 
context, a sequencer might be visual- 


ized as being much like an audio tape 
machine. Concepts such as multi- 
tracking, fast-forward, and rewind 
can be translated to software to ease 
the transition from conventional 
tape-oriented studios. New concepts 
such as quantization (automatic tim- 
ing correction), real-time transposi- 
tion, and complex looping constructs 
would be nearly impossible with the 
use of audio tape alone. 

Sequencers are currently available 
for the IBM PC (Jim Miller, Voyetra), 
Macintosh (Southworth, Mark of the 
Unicorn), Amiga (Mimetics), Atari ST 
(Hybrid Arts), and Commodore-64 
and Apple II (Doctor T, Passport). One 
of the original entries in the IBM field 
is Jim Miller’s Personal Composer, 
which can record a performance in 
real time or let you enter data with a 
mouse or keyboard. Musical data can 
then be rearranged and edited using 
traditional staff-line notation and 
scores can be printed on common 
dot-matrix printers. Personal Com- 
poser includes a built-in patch editor 
for DX-7 synthesizers, a small graph- 
ics editor, and even a user-accessible 
LISP interface. 


Personal Computer Interfaces 

If you already own one of the com- 
puters mentioned, getting started in 
MIDI composition is as simple as pur- 
chasing the standard interface. You 
will then have access to a broad 
range of software packages that you 
can expand and update via disk (just 
like you do compilers and word pro- 
cessors). Some of the more common 
interfaces come from Passport (Com- 
modore-64 and Apple II), Opcode 
(Macintosh), Mimetics (Amiga), and 
Roland (IBM PC and Apple ID). The 
Atari ST series has a built-in MIDI in- 
terface. Most of these interfaces con- 
sist of little more than a UART for han- 
dling serial communication. The 
Roland MPU-401, however, includes 
an on-board microprocessor and tim- 
er for providing you with prepro- 
cessed, buffered data packets. 


What MIDI Does 

(and Doesn’t Do) 

First of all, MIDI does not solve all ex- 
isting problems in interfacing sound- 
generating equipment. For example, 
it is easy to send instructions for turn- 
ing particular notes on and off, and 
sending a NOTE-ON command usually 


results in a predictable pitch from 
any two synthesizers. There is no 
standard for a violin sound or an 
oboe sound, however. Patches that 
are stored internally in the synthesiz- 
er can be requested via MIDI, but it is 
up to the individual programmer or 
manufacturer to devise the violin or 
oboe sound and assign a patch num- 
ber to it. Manufacturers of lighting 
controls or mixing boards are on 
their own; system-specific com- 
mands tell other devices to ignore 
codes they won't understand, but 
there is no standard spec for how 
lights should respond to music 
commands. 

Some parameters are standardized 
by MIDI—for example, voice mes- 
sages include NOTE-ON and NOTE-OFF 
events. Notes are assigned numbers 
from 0-7fh and simply turned on and 
off. Velocity information is included 
with the command and can be inter- 
preted as loudness. Channel address- 
es designate a particular oscillator or 
synthesizer that will respond to the 
command—bytes from 90h to 9fh 
turn on notes for channels 0-Ofh; 
bytes from 80h to 8fh turn the same 
notes off. For example, the 3-byte 
command to turn on note number 
32h, on channel 3, at velocity 22h is 
93h, 32h, 22h; the command to turn 
off the same note with a turn-off ve- 
locity of 10h is 83h, 32h, 10h. Velocity 
is usually not relevant when turning 
a note off, so sometimes a NOTE-ON 
command with a velocity of zero is 
used as a NOTE-OFF. Other voice com- 
mands include key pressure and 
pitch bend, but these are not sent as 
part of the NOTE-ON or NOTE-OFF 
message packets. 

MODE MESSAGES control the re- 
sponse characteristics of the receiv- 
ing device. Synthesizers can be told to 
listen to a specific channel (OMNI-OFF) 
or to respond to messages on all chan- 
nels (OMNI-ON). In addition, provision 
is made to address one oscillator per 
channel (MONO MODE) or to allow the 
synthesizer’s internal software to as- 
sign its own voices so messages can be 
sent over one channel (POLY MODE). 
Combinations of these yield four 
modes. 

SYSTEM-REAL-TIME and CLOCK MES- 
SAGES allow synchronization of all 
machines in the chain by sending a 
periodic software clock tick over the 
MIDI bus. 
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150 FOR INDX = 1 TO 100 
160 IF TB(INDX) = O THEN X = 5 
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-FOR INDX = 1 TO 100 
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MUSIC RECORDER 
(continued from page 26) 


SYSTEM-SPECIFIC commands ad- 
dress synthesizers from a specific 
manufacturer. These commands are 
used to send patches and other data 
that has meaning only to certain 
types of synthesizers. Each manufac- 
turer must apply for its own identifi- 
cation byte (Sequential Circuits = 1, 
Kawai = 40h, and so on). An END OF 
EXCLUSIVE (EOX) or another status 
byte tells deselected devices to re- 
sume listening to bux data. 

SYSTEM COMMON messages ad- 
dress all synthesizers on line. They 
are used primarily for setup informa- 
tion, such as selecting songs or telling 
synthesizers to tune their oscillators. 

The first byte of all MIDI commands 
has its most-significant bit (MSB) set to 
1, so command bytes are always be- 
tween 80h and Offh. Data bytes have 
their MSBs reset (0), so their range is 0 
to 7fh. If a given block of data con- 
tains values greater than 7fh, all 
bytes in the block are broken into 7- 
bit nibbles and sent in two parts. This 
keeps the MSBs reset so that receivers 
can always stay in sync—even if a 
byte is lost. 


MIDI Hardware Specification 
The original MIDI specification made 
some trade-offs between speed, econ- 
omy, and efficiency, which inevita- 
bly resulted in performance compro- 
mises. It is easy to point out 
shortcomings now that the interface 
has become widely known, but the 
low cost had a lot to do with its initial 
acceptance. 

MIDI is a serial protocol that com- 
municates on a 31.25-kHz, optically 
isolated current loop. The odd baud 
rate resulted from the reluctance of 
earlier manufacturers to install spe- 
cial crystals when they usually had a 
1— 4-MHz processor clock available 
(31.25 kHz=1 MHz/32). Use of a con- 
venient single-chip binary divider 
yields the 31.25-kHz UART clock. 

Optical isolation is required for 
eliminating ground loops and isolat- 
ing sensitive audio equipment from 
the high frequencies in computer 
gear. An optically isolated parallel in- 
terface could have been specified, 
but serial interfacing decreases the 
cost for the isolators and simplifies 
cabling. The penalty, of course, is 
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speed. Clock rates are limited by ca- 
ble capacitance and by response 
times for economical optos and 
UARTs. Some manufacturers are now 
using 62.5-kHz (double frequency) 
rates for downloading waveform 
samples or other data-intensive ap- 
plications, but it is unlikely that the 
baud rate standard will change in the 
near future. 

The optos at the receiving end of 
each MIDI link require about 5 mA to 
turn on. Because the loop sends a cur- 
rent (like old Teletype machines do), 
it is relatively immune to noise as 
long as cables don’t extend more than 
50 feet. The built-in current limit re- 
sistors prevent star-network configu- 
rations (only one receiver can be 
hooked to a transmitter), so a third 
port (the MIDI THRU port) is included 
on most synthesizers to allow daisy- 
chaining of receivers. The MIDI THRU 
port duplicates the data coming from 
the MIDI IN port and retransmits it to 
the next machine in the chain. 


Speed Considerations 
Most MIDI NOTE-ON or NOTE-OFF com- 
mands require 3 bytes at 320 micro- 
seconds per byte, so turning on a note 
on the synthesizer takes approxi- 
mately 1 millisecond. The human ear 
is more sensitive to starting (attack) 
transients than to ending (decay) tim- 
ings—for psychoacoustic reasons 
and simply because the played notes 
usually start off sharply and taper off 
before their final decay. This means 
that even in best-case circumstances 
when no other events are being sent 
over the MIDI bus, starting transients 
for ten NOTE-ON events will be 
spread apart by 10 milliseconds. This 
approaches the threshold of audible 
delay, and additional notes may have 
a slap-echo effect. Similarly, large 
chords may be audibly arpeggiated. 
To avoid objectionable delays, 
some MIDI hardware now features 
multiple MIDI OUT ports. The comput- 
er sends parallel commands to each 
port to avoid daisy-chaining delays. 
These should not be confused with 
MIDI THRU ports, which track the MIDI 
IN port. Multiple MIDI IN ports are less 
common but certainly helpful when 
recording events coming from more 
than one source. Because MIDI is a 
multibyte protocol, merging and re- 
cording two sources can be fairly 
complex if only one input port is 


available. 


Designing a Sequencer 

MIDI control software can be written 
in any language, but fast queuing of 
serial data is important. The majority 
of software writers I know use a mix- 
ture of C and assembly language. It 
may be convenient to use a compiler 
such as Wizard C, which allows drop- 
ping into assembly language for I/O 
access or speed. 

Small computers can be used, but 
be aware that RAM can be used up 
quickly. If storage for a single note 
uses 8 bytes, an eight-finger chord 
will use 64 bytes, and playing eight of 
these chords in one measure will use 
0.5K RAM. Linear address space is 
easy to allocate and control, and seg- 
mented architectures present no 
large problems because a segment is 
usually more than enough to record 
any single sequence of note events (a 
track in recording terminology). 
Bank-select RAM is usually a problem 
when several tracks are played back 
in parallel. If the tracks are stored in 
separate banks, the switching over- 
head may be cumbersome. 

Most of my current designs use IBM 
PCs and ATs, so some of the examples 
focus on 8088 designs, but the design 
principles will adapt easily to other 
computers. 


Designing Hardware 

Custom hardware affords some mea- 
sure of software security and may 
provide functions not available on 
existing interfaces. Because some de- 
signers prefer using their own hard- 
ware, I will provide a few guidelines. 

MIDI's serial protocol requires no 
hardware handshake signals, so 40- 
pin UARTs are not necessary. The 
only small UART that may cause trou- 
ble is the Intel 8251. I have used Mo- 
torola 68B50s in several designs with 
good results. On 8088 systems, Motor- 
ola’s E (enable) signal can be devel- 
oped by ANDing the port read and 
write signals together. 

Timers get tricky when multiple 
devices are hooked to one interrupt 
line. I have used Intel 8253s, but I usu- 
ally connect the output line to a flip- 
flop so that the output pulse can be 
trapped and identified. Flip-flops are 
not necessary if the timer interrupt is 
isolated because the 8259 interrupt 
controller has edge-triggering. 
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Most MIDI programs that run on the 
IBM PC use Roland’s MPU-40I inter- 
face. Timers are not required on IBM 
PCs that use this interface, but if you 
are designing your own, try to in- 
clude an on-board timer. The PC's in- 
ternal timers do not provide the accu- 
racy necessary to deal with high- 
resolution music timing. For low- 
resolution applications, IRQ 0 from 
the PC motherboard can be readjust- 
ed to run at a multiple (X) of its nor- 
mal speed. Then, every X pulses, the 
old interrupt service routine is run. 
The interrupt acknowledge should 
be skipped when jumping to the old 
routine. Remember to reset the inter- 
rupt vectors before exiting to DOS. 
Disk head loads use timer 0 for time- 
outs, so problems with this routine 
usually cause the drive light to stay 
on. 

Slower clock rates for hardware 
timers obviously result in decreased 
resolution. Not so obvious, though, is 
the way that tempo resolution and 
note-timing accuracy combine to 
make even tougher demands on the 
system timer’s crystal frequency. I 
try to clock the timer at around 2 
MHz so that I can record with a reso- 
lution of about 96 divisions per quar- 
ter note while maintaining sufficient 
accuracy in specifying tempos. 

In most applications, the divisor 
sent to the hardware timer is used to 
trim the tempo, which is set in incre- 
ments of beats-per-minute (BPM). An 
easy way to control tempo is to index 
into a table of divisors by the desired 
number of BPMs. I normally generate 
the tables with a C program that does 
the calculations and prints out the ta- 
bles exactly as they should appear in 
the sequencer program. When the 
values are verified, I redirect the out- 
put of the program into a file that is 
then compiled. 


Interrupts 

The interrupt service routine (ISR) is 
responsible for prioritizing inter- 
rupts and coordinating all incoming 
data. Obscure problems with the ISR 
can propagate through the entire sys- 
tem. A flowchart will probably help 
to clarify possible timing errors or 
bottlenecks before the ISR is coded. 

It might appear that a system using 
only serial ports would pose no prob- 
lems in I/O handling, but MIDI baud 
rates are high, and there may be mul- 
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tiple ports. Input interrupts should 
be serviced as quickly as possible be- 
cause losing a byte may result in los- 
ing an important NOTE-OFF message. 
When the recorded events are re- 
transmitted on playback, the synthe- 
sizer will play a stuck note until the 
operator can figure out a way to gen- 
erate a NOTE-OFF (sometimes leaving 
an embarrassed performer desper- 
ately groping for the power switch). 
Output interrupts are less critical; a 
momentary delay is the only penalty 
for slow output response times. Be 
particularly careful how these two 
interrupt sources are handled when 
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Figure 1: Flowchart for timer interrupt using semaphore 
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MUSIC RECORDER 
(continued from page 29) 


of the interrupt being acknowl- 
edged. It may also help to poll the 
8259 registers to make sure that the 
interrupt line is low before exiting 
from the ISR. This will help to avoid 
difficulty with the PC’s edge-trig- 
gered hardware. 

Timer interrupts are important, 
but they can generally be considered 
a lower priority than UART inter- 
rupts. The timer routine itself is usu- 
ally short, consisting of little more 
than incrementing a series of soft- 
ware counters, but at some point 
compares must be made with target 
values and a long series of events 
may be triggered. 

The timer interrupt conveys no ac- 
tual data aside from a flag, so normal 
queues are not necessary. The best 
way to enqueue timer interrupts is 
with a semaphore, which allows the 
ISR itself to be interrupted. When the 
timer tick occurs, the semaphore is 
incremented and timer interrupts 
are re-enabled. If the semaphore has 
been incremented to 1, no interrupts 
are nested and normal processing 
can resume. If the value is greater 
than 1, this means that the timer in- 
terrupts have stacked up, so the inter- 
rupt is exited and control is returned 
to the timer ISR that was interrupted. 
Before the timer ISR exits, the sema- 
phore is decremented, and if the val- 
ue is still nonzero, the interrupts 
must have been nested. In this case, 
control is returned to the top of the 
timer ISR, which loops until the sema- 
phore returns to zero. This allows the 
ISR to catch up with lost interrupts 
without losing any timer pulses or 
UART interrupts. 

The flowchart in Figure 1, left, is 
simplified; it may help to refer to the 
code listing (Example 1, page 31) for 
more subtle details. Make sure the 
semaphore is initialized to zero at 
start-up or the timer ISR will never 
run. 


Timing Notes 

The MIDI sequencer usually uses a 
hardware clock for its main timing 
reference, but it may be necessary to 
synchronize to an external software 
clock provided by a drum machine 
or timing converter. I will refer to 
these as internal and external sync, 
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respectively. MIDI software clocks oc- 
cur at a standard rate of 24 per quar- 
ter note, which provides musical res- 
olution to within a 64th note triplet. 
This sounds as though it would keep 
up with even the fastest musicians, 
but remember that you are dealing 
with timing edges. Trimming these 
edges to the nearest 24th of a quarter 
note may cause the recorded notes to 
sound too symmetrical, or mechan- 
ical 

Conversely, it may seem that slow- 
ing the system clock could correct 
the timing of inaccurate note values. 
This rounding (quantization) is some- 
times used to advantage, but overuse 
removes the human signature and 
creates a metronomic, mechanical 
sound. Uneven qualities are most of- 
ten missed on parts such as solos, 
which appear up front in a composi- 
tion. Obviously, all devices synchro- 
nized with MIDI real-time clock sig- 
nals will be quantized to some extent. 


Time Stamps 

In order to maintain precise timing of 
events while allowing interrupts to 
proceed at full speed, I store a time 
stamp with each event coming into 
the UART receive queue. Very simply, 
if a received byte is greater than 7fh 
(MSB is set on all commands), the cur- 
rent time is enqueued after the byte. 
This provides freeze-frame timing; 
the time record travels with the re- 
ceived data until the program is 
ready to process it. Only the leading 
byte needs to be time-stamped. Fol- 
low-up data (with MSBs reset) are as- 
sumed to have been received at the 
same time. This technique can pro- 
vide accuracy better than that obtain- 
able by waiting for the complete re- 
cord and processing it instantly. 
Usually the sending device intends 
that all bytes be received simulta- 
neously, so stamping the leading byte 
will more accurately reflect the actu- 
al event timing, even if the transmit- 
ter lags in sending the follow-up data. 


Real Time 

The MIDI specification calls for two 
basic types of software clocks. Clock- 
in-stop (0fch) allows receivers to 
phase-lock to the clock frequency 
prior to start-up. When the transmit- 
ter switches to clock-in-play (0f8h), all 
synchronized receivers switch to 
their active state (usually playback or 
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Example 1: A MIDI interrupt service routine with a semaphore 
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MUSIC RECORDER 
(continued from page 31) 


record). To maintain accuracy, real- 
time messages are transmitted at any 
time—even in the middle of other 
multibyte messages. Receivers must 
account for this possibility even if the 
real-time messages are not used. Both 
clocks are always sent at the rate of 
24 per quarter note. Altering the 
clock frequency changes tempo, not 
accuracy. 

Other real-time messages include 
START-FROM-BEGINNING (Ofah), 
which resets internal song pointers; 
CONTINUE (0fbh), which tells receiv- 
ers to resume from the current loca- 
tion; and ACTIVE SENSING (0feh), 
which just lets the receivers know 
that the transmitter is still there. The 
latter is optional and used notably by 
the Yamaha DX-7 synthesizer. When 
using a DX-7, you will probably want 
to discard the Ofeh bytes because 
they will be received constantly— 
even when not recording. They can 
fill up the input queues if the input 
interrupts are enabled. 

The last real-time message, SYSTEM 
RESET (Offh), is dangerous because it 
could start a regenerating condition 
in which every component in the 
system sends resets to each other. It is 
usually reserved for linkage to a 
hardware reset switch or used judi- 
ciously by the master controller. 


Storage Formats 
There is no standard yet for either 
RAM- or disk-based storage for MIDI 
events. I have heard rumors of a 
standard for disk storage that would 
allow one manufacturer’s software 
to read files written by someone else, 
but intermediate RAM storage is an- 
other story. The storage formats used 
throughout the industry are diverse 
and usually so complex that chang- 
ing internal formats would require 
extensive rewrites. 

Most internal storage methods fall 
into one of four categories that I call 


iL output a NOTE-ON on ch.4 | 


for note no. 
velocity = 
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<= £8h 94h 46h 32h 
_ |wait 24th, then 


end-point-relative, end-point-abso- 
lute, single-point-absolute, and _ bar- 
and-note storage. All storage formats 
involve storing data in a linear data 
stream. Relative timing implies that 
timing is encoded as a distance from 
the previous event. Absolute timing 
uses a global time reference, such as 
beats and bars. End-point storage re- 
fers to separate storage locations for 
NOTE-ON and NOTE-OFF events (usual- 
ly with their own time stamps). Sin- 
gle-point storage requires that a 
pointer be aimed at the NOTE-ON re- 
cord in the data stream, and when 
the NOTE-OFF event is received, it is 
stored at the same location (better 
yet, the note duration can be comput- 
ed and stored). The bar-and-note 
method parallels the way music is 
normally notated. Each method has 
advantages, and there is a lot of over- 
lap between categories. 

I try to carry MIDI's philosophy of 
setting MSBs of leading bytes when 
encoding data for storage in the 
stream. This allows resyncing if a 
byte is missed and makes data 
streams easier to edit. Many software 
writers use this method for internal 
storage. | 


End-Point-Relative Storage 

MIDI data is received as a stream of 
bytes with high bits (MSBs) set on com- 
mands and reset on data. Why not 
store the bytes just as they are re- 
ceived? Embedded MIDI clock mes- 
sages provide the proper spacing for 
NOTE-ON, NOTE-OFF, and other 
events. Replaying the data requires 
setting up a series of play pointers 
into the data stream (one for each 
track to be played). When the start 
command is received, the data is sent 
to the output UARTs just as it was re- 
ceived, waiting for a 24th of a beat 
every time a clock command is en- 
countered in the stream. Unfortu- 
nately, this method uses RAM storage 
even if no events are being transmit- 
ted, and multiple channels store mul- 
tiple copies of all unnecessary timing 


46h | 
32h | 


bytes. 

In Example 2, below, it is assumed 
that an external MIDI clock provides 
the timing. Even if an internal timer 
is used, 0f8h bytes can be inserted 
into the input queue to simulate the 
MIDI software clock. A refinement of 
this method conserves storage by 
counting all received clock bytes. 
When an event is received, the accu- 
mulated count is stored before the 
event and then the counter is reset. 


End-Point-Absolute Storage 

Time stamping requires a system 
timer that is incremented every time 
a MIDI clock or timer interrupt is re- 
ceived. When MIDI data is enqueued, 
the system timer is copied into the 
queue as the time stamp. When the 
data is dequeued for storage, the time 
stamp is stored with the data record 
to provide an accurate absolute tim- 
ing reference. Unlike relative timing, 
this allows you to locate any spot in 
the data stream without counting all 
embedded timing bytes. To replay 
time-stamped data, restart the system 
timer and wait until it matches the 
timing bytes of the first item in the 
data stream. Then send the data 
(without the time stamp), and ad- 
vance the stream pointers. 

Example 3, page 37, uses only 2 
bytes for the time stamp and for the 
system timer. More practical systems 
use 3 bytes to allow more than two 
hours’ recording time before the tim- 
er overflows (at 96 pulses per quar- 
ter). The low-order byte is increment- 
ed until it reaches 96 (or 24 for MIDI 
clock timing). Then the byte is reset 
and the count propagates through 
the other two timer bytes. The top 
timer bytes turn over at 127, so the 
MSBs are always zero. 


Single-Point-Absolute Storage 

Single-point storage requires main- 
taining a list of pointers to access ac- 
tive notes in the data stream. When a 
NOTE-ON is received, it is enqueued 
and stored in the data stream in the 


£8h 84h 46h 16h 
lwait 24th, then 
output a NOTE-OFF on ch.! 
for note no. 
OFF velocity =16h. 


46h 
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Plink®86plus 


Plink86plus lets you go beyond your per- 
sonal computer's 640K memory limitation. 
This highly advanced DOS overlay linker 
provides capabilities that are unmatched 
by any other DOS linker. 


Large, Efficient Programs 


With Plink86plus, you can create very 
large programs that use very little memory 
— programs as large as 16 megabytes run 
in as little as 192K! And advanced memory 
management features ensure that even 
the largest programs will execute effi- 
ciently. 


Automatic Overlays 


The automatic overlay technique of Plink- 
86plus lets you get your programs up and 
running fast. You can divide your program 
into as many as 4095 tree-structured over- 
lay areas and change its structure anytime 
without modifying the program source 
code. You can store the overlays in separate 
files, separate directories or on separate 
disks. You have complete flexibility. 


Wide Support 


Plink86plus supports any compiler or as- 
sembler producing standard Intel or Micro- 
soft OBJ files. It works with all popular 
language systems including FORTRAN, 
COBOL, Lattice C, Cl C-86 and any Microsoft 
or IBM language. 


Pfix®86plus 


Pfix-86plus is an easy-to-use, menu-driven, 
symbolic debugger that works with any 
Microsoft or IBM compiled language. 
Symbolic Debugging 

Pfix86plus automatically handles Plink86- 
plus overlaid or resident programs. It can 
also access the full symbol table provided 
by MS Link. Source code, assembly lan- 
guage translations, stack, data areas and 
breakpoints all appear simultaneously on 
the multiwindow display. 


Full-featured 


Pfix86plus features include an in-line as- 
sembler, breakpoint settings, full speed or 
trace modes, user-assignable variables, 
dual-monitor support, traceback, debug 
log, synchronized source code display, 
breakpoints in source code, disassembly 
to disk and much more. 
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PforCe™ 


PforCe is a comprehensive library of over 
400 easy-to-use C language functions de- 
signed to significantly reduce your program 
development time. 


Complete C Library 


PforCe provides high-level subsystems for 
B-tree databases, windows, field editing, 
screen editing, time/date calculations, di- 
rectory management, error-trapping, etc. 
It also provides low level functions that can 
interface directly to your hardware. It has 
interrupt-driven communications, string 
handling, menus, keyboard background 
tasking and complete DOS control. Other 
features include disk management, archiv- 
ing, compilation, library management utili- 
ties and much more. PforCe comes with 
full library source code and demo pro- 
grams. 


And for C++ Users 


PforCe++ is an alternate version of PforCe 
that’s specifically designed for object- 
oriented programming with C++. 


Pfinish™ 
Pfinish is a high performance execution 
profiler that helps you locate inefficiencies 


in programs which slow execution or waste 
memory space. 


Execution Snapshot 


Pfinish provides you with a complete sta- 
tistical snapshot of your program in execu- 
tion. Its comprehensive output reports may 
be displayed or printed in either tabular 
form or histograms. The results can be 
sorted in many ways. By examining these 
reports, you can determine the number of 
times various sections of code in your 
program have been executed. 


Pinpoint Accuracy 

Pfinish lets you pinpoint execution down to 
the exact subroutine line number. By in- 
serting markers inside executable pro- 
grams, you can track the number of times 
your program passes each marker and 
determine which other routines were af- 
fected by individual calls. 


Overlay Support 
Pfinish fully supports overlaid programs 
created with Plink86plus. 
Pfantasy Pac™ 


Phoenix combination package consisting 
of Plink86plus, Pfix86plus, Pfinish, Pmaker, 
Pmate and Ptel. 
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CALL TOLL FREE 








FILE: PHOTO . 283 


scrlines = SCRLINES: 

scrwidth = §CRWIDTH: 

clrscreen(scr]ines-28); 

show( main_menu );: 

ret_val = getrange( mm_pro 

process( ret_val, (new_ved 
} while ( ret_val ¢= EXIT_OK ) 


INDOW 1 


makes your program development and word 
processing as efficient and easy as 
possible. VEDIT PLUS is simple enough to 
learn and use for the novice, yet has the 
speed, flexibility and power to satisfy 
the most demanding computer professional. 
VEDIT PLUS is particularly suited for 
writing all types of programs and lengthy 
documents such as reports or manuscripts. 


a) 

This shows how [JEDIT PLUS can perform 
windowing. One window is used for word 
processing, a sé@cond for program 
if (yesno(" ")) setcrt( ar} development, and the third for commands. 


if (new_vedit && (table_in ¢= 
printf( crt_sel ): 


else outcrIf(): TC CM RC Cer acm) yaar ae UT amen 


} determine each window's size and color. 


ST RS 


DIRECTORY C:\VEDIT\NEW 
COMPARE .VDM CV263 .VDM MAIL .VDM MENU .VDM PRINT .VDM 
SORT .VDM STRIPY .UDM 280-8686. DM 


Stunning speed. Unmatched performance. Total flexibility. 
Simple and intuitive operation. The newest VEDIT PLUS de- 
fies comparison. 


Try A Dazzling Demo Yourself. 
The free demo disk is fully functional - you can try all features 
yourself. Best. the demo includes a dazzling menu-driven 
tutorial - you experiment in one window while another gives 
instructions. 


The powerful macro programming language helps you 
eliminate repetitive editing tasks. The impressive 
demo/tutorial is written entirely as a‘macro - it shows that no 
other editors ‘macro language even comes close. 


Go ahead. Call for your free demo today. You'll see why 
VEDIT PLUS has been the #1 choice of programmers, writers 
and engineers since 1980. 


Available for IBM PC. TI Professional. Tandy 2000, DEC 
Rainbow, Wang PC. MS-DOS. CP/M-86 and CP/M-80. (Yes! 
We support windows on most CRT terminals, including 
CRTs connected to an IBM PC.) Order direct or from your 
dealer. $185. 


Compare features 


BRIEF Norton PMATE VEDIT 

and speed Editor PLUS 
‘Off the cuff macros No No Yes Yes 
Built-in macros Yes No Yes Yes 
Keystroke macros Only 1 ~=No No 400° => 
Multiple file editing 20 + 2 No au. 
Windows 20 + 2 No 20. = 
Macro execution window No No No Yes 
Trace & Breakpoint macros No No Yes Yes 
Execute DOS commands Yes Yes Yes Yes 
Configurable keyboard 

Layout Hard No Hard Easy 
Cut and paste’ buffers 1 1 1 36 
Undo line changes Yes No No Yes 
Paragraph justification No No No Yes 
On-line calculator No No No Yes 
Manual size / index 250/No 42/No 469/Yes 380/Yes 


Benchmarks in 120K File: 
2000 replacements 
Pattern matching search 
Pattern matching replace 


1:15 min. 34 sec. 1:07 min. 6 sec. 
20 sec. Cannot Cannot 2 Sec. 
2:40 min. Cannot Cannot 11 sec. 


VEDIT and CompuView are registered trademarks of C 
ompuView Products. Inc. BRIEF is a 
trademark of UnderWare. Inc PMATE is a trademark of Phoenix Technologies Ltd. Norton Editor isa 


trademark of Peter Norton Computing Inc 








PROGRAMMABLE 
EDITOR 


(Call for FREE DEMO disk) 


if 





VEDIT PLUS FEATURES 


See 


e Simultaneousy edit up to 37 files of unlimited size. 

e Split the screen into variable sized windows. 

e ‘Virtual’ disk buffering simplifies editing of large files. 

e Memory management supports up to 640K. 

e Execute DOS commands or other programs. 

e MS-DOS pathname support. 

e Horizontal scrolling - edit long lines. 

e Flexible ‘cut and paste’ with 36 ‘scratch-pad’ buffers. 

e Customization - determine your own keyboard layout, create 
your own editing functions, support any screen size. 

e Optimized for IBM PC/XT/AT. Color windows. 43 line EGA. 


EASY TO USE 


e Interactive on-line help is user changeable and expandable. 
e On-line integer calculator (also algebraic expressions). 

e Single key search and global or selective replace. 

e Pop-up menus for easy access to many editing functions. 

e Keystroke macros speed editing, ‘hot keys’ for menu functions. 


FOR PROGRAMMERS 


e Automatic Indent/Undent for °C’, PL/I, PASCAL, etc. 

e Match/check nested parentheses, i.e. '{’ and ‘}’ for ‘C’. 

e Automatic conversion to upper case for assembly language 
labels, opcodes, operands with comments unchanged. 

e Optional 8080 to 8086 source code translator. 


FOR WRITERS 


¢ Word Wrap and paragraph formatting at adjustable margins. 
e Right margin justification. 

e Support foreign, graphic and special characters. 

e Convert to/from WordStar and mainframe files. 

e Print any portion of file; selectable printer margins. 


MACRO PROGRAMMING LANGUAGE 


e ‘If-then-else , looping, testing, branching, user prompts, 
keyboard input, 17 bit algebraic expressions, variables. 

e Flexible windowing - forms entry, select size, color, etc. 

¢ Simplifies complex text processing, formatting, conversions 
and translations. 

¢ Complete TECO capability. 

¢ Free macros: ¢ Full screen file compare/merge Sort mailing 
lists e Print Formatter ¢ Menu-driven tutorial 
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Get the diagnosis from the 
Doctor in your own home. 


Subscribe to Dr. Dobb’s Journal and enjoy the 
convenience of having your personal copy de- 
livered to your home or office each month. 


And you'll save over $5 off the cover price! 


Every issue of Dr. Dobb’s will bring you in- 
dispensable programming tools like algo- 
rithms, coding tips, discussions of fundamental 
design issues, and actual program listings. 
You'll find regular coverage of: 


¢ Popular languages such as C, Assembly, 
Forth, Pascal, Ada, Modula-2, BASIC, FOR- 
TRAN, and Cobol. 


¢ 68000 and 80x86 architectures 
¢ The MS-DOS, and Unix operating systems 


¢ Usable techniques and practical applications 
of AI and object-oriented programming 
research. 

¢ New product reviews, and lively discussion of 
professional issues in software design. 


e Compilers, cross assemblers and much more! 


Dr. Dobb's Journal of Software Tools .. . 
the magazine that has lived up to its reputation 
as the foremost source of technical tools since 
1976. One year (12 information-packed is- 
sues ) is just $29.97—to subscribe simply mail 
in the attached card. But do it today... you 
won't want to miss any of the exciting issues 
we have planned. 
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Subscribe to DR. DOBB’S JOURNAL 
and save over $5—a 15% savings 
off the cover price! 


4 Please charge my: Cj Visa a MasterCard LI American Express 
C] Payment enclosed | Bill me later 


Card # Exp. date 





Signature 





Name 





Address 








City Side. 


ONLY $29.97! YOU SAVE OVER $5.00 


Savings based ona full one-year cover price of $35.40. Canada and Mexico add $10 for surface mail per year. All countries 
add $27 for airmail per year. All foreign subscriptions must be prepaid in U.S. dollars drawn ona U.S. bank. Please allow 
6-8 weeks for delivery of first issue. 


A Publication of M & T Publishing, inc. 3446 
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COMMENTS & SUGGESTIONS 


Dear Reader, May 1987, #127 
Dr. Dobb’s has a long tradition of listening to its readers. We like to hear when something really 

helps or, for that matter, bothers you. In this hectic world of ours, however, it is often difficult to 

take the time to write a letter. This card provides you with a quick and easy way to correspond and, 

if you include your name and address, we may use appropriate comments in The Letters column. 

Simply fill it out and drop it in the mail. —Ed 


Which articles or departments did you enjoy the most this month? Why? 
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MUSIC RECORDER 
(continued from page 32) 


same way as in end-point-absolute 
storage, but zeros are stored after- 
ward in a compartment reserved to 
keep track of the note’s duration. A 
pointer to the zero bytes is stored ina 
list to allow access to the duration. Ev- 
ery time a MIDI clock byte or timer 
interrupt is received, the list is 
checked and the pointers are used to 
increment duration bytes. When the 
NOTE-OFF event is received, the point- 
er is removed from the list—no other 
action is necessary. The duration will 
be frozen as part of the note record. 
Single-point-absolute storage pro- 
vides advantages in editing (notes can 
be moved easily) and display (it is 
easy to tell whether a note is a quar- 
ter note, half note, and so on). 

In Example 4, below, during play- 
back NOTE-ONs are derived in the 
usual way (wait until the system tim- 
er reaches the embedded time 
stamp), but this time the duration 
bytes are retrieved and stored in a 
time-out list. They are decremented 
with every timer tick, and when 
they reach zero, a NOTE-OFF is trans- 
mitted. The time-out list must keep a 
copy of the note number so that the 
proper note can be turned off. The 
single-point method affords another 








advantage: it is unlikely that notes 
will get stuck. NOTE-OFF events can- 
not be missed. Any reasonable value 
in the time-out list will eveniually 
decrement to zero and cause a NOTE- 
OFF to be sent. 


Bar-and-Note Storage 

So far, I have discussed playing notes 
but not rests. Of course, rests are sim- 
ply the spaces between notes, but the 
storage formats outlined do not pro- 
vide a way of tracking down these 
spaces for correlation with written 
music. Rests can be stored in the same 
way as notes, but note numbers and 
velocities are not needed. This seems 
to be a reversion to the original rela- 
tive timing method when you consid- 
er that rests are similar to the old em- 
bedded relative timing markers. Now 
the NOTE-ON time stamps become re- 
dundant—where one note or rest 
stops, the next will start. Without 
some frame of reference, though, it is 
difficult to find a designated spot in 
the data stream. I have borrowed an- 
other device from written music: bar 
lines. There is no MIDI equivalent for 
a bar line, so I use Obah. The bar 
marker is followed by 1- or 2-byte bar 
numbers to allow absolute locations 
to be found. This combines some of 
the better features from all the meth- 
ods outlined earlier. I use 0a0h as the 








token for a rest (see Example 5 
below). 

Some storage formats are better 
suited to certain approaches to edit- 
ing or to certain looping constructs or 
display formats. Choose a format that 
suits your application, but remember 
to take as general an approach as pos- 
sible. You will undoubtedly want to 
expand later to incorporate new 
ideas. 


) 


Quantization 

I first mentioned quantization in the 
context of scaling down the system 
clock. If a section of music was re- 
corded using a clock with 96 pulses 
per quarter note, the system clock 
could simply be slowed to 24 pulses 
per quarter note. Each timer inter- 
rupt would then increment the sys- 
tem timer by 4 instead of 1. This 
method works, but it has one main 
drawback. If there is no frame of ref- 
erence (an unquantized track, for in- 
stance), it may not be noticed but all 
notes will effectively be shifted late 
by the quantize interval. This is like 
truncating a number when the real 
intention is to round it. 

To quantize events so that the notes 
fall on the beat rather than after the 
beat, the timing target must be antici- 
pated by half the amount of the 
quantization period. This causes 





84h 08h O4h 46h 16h 
loutput a NOTE-OFF on ch.4 
on the eighth clock tick 
: (Gf the fourth beat 
for note no. ab 
OFF velGcsey 


a |" NOTE- ON on ch. 4 


a ee vinth clock tick _ | 


a the third beat . 
ee f Or note no . | . _ : _ | : 
velocity = 32h | 





Example 3: End-point-absolute storage 


Ouh Oth” ee 
These are duration bytes that 
el with the note record an 

rem d by each timer tic 
until noze-OFF is received. 


_ NOTE-ON on ch.4_ 
ninth clock tick | 
of the third beat 
for note no. 
velocity = 


46h 
32h 





Example 4: Single-point-absolute storage 


94h 46h 32h 

| output a NOTE-ON on ch.4. 

for note no. —e 
velocity = 32h an 


h Oa0h 02h 14h 

432n | rest : 
-_. for two beats | 
and 14h ticks | 





Example 5: Bar-and-note storage 
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MUSIC RECORDER 
(continued from page 37) 


events to be processed in the center 
of a quantize window. To accomplish 
this, the system timer contents are 
copied to a look-ahead timer and in- 
cremented so that it leads the actual 
system time by half the quantize in- 
terval. Using look-ahead timers for 
compares will trigger events ahead 
of time. Remember just to run the 
clock routine every Nth clock tick 
and to add N/2 to the current time to 
derive the look-ahead timer. 


38 


Figure 2: Effects of quantization on note durations 


The same result can be accom- 
plished by first running the clock 
routine N/2 times consecutively (this 
accounts for look-ahead). After this 
initial look-ahead, the clock cycle 
consists of waiting for N clock periods 
and then running the clock routine N 
times consecutively. 

Quantization cleans up notes 
whose timing is slightly frayed at the 
edges, but some mistakes can actually 
be accentuated. If the mistake is se- 
vere enough to fall outside the in- 
tended quantize window, note tim- 
ing will be rounded in the wrong 


| Loose timing 
——| {| | on3-note 
Ft | | chord 


| cuantze 
_ NOTE-ON and 


| Quantized _ 
NOTE-ON only 
(duration un-- 
changed) 








direction, as in note 3 of Figure 2, left. 

I mentioned that the trailing edges 
of notes are usually much less timing 
critical than the leading edges. One of 
my favorite techniques for avoiding a 
mechanical sound is quantizing the 
leading edges of notes but leaving the 
lengths intact. This can be accom- 
plished by using a look-ahead on the 
clock that pulls the NOTE-ON event 
and note length from the data 
stream. The unprocessed note length 
is stored in a time-out list, where it is 
decremented on each tick of the 
high-resolution clock. The appropri- 
ate NOTE-OFF is sent when it reaches 
zero. 

The timing of recorded music is 
easily altered or quantized, but ran- 
dom timing information from hu- 
man input is difficult to add later (you 
could try it). Some synthesizer sys- 
tems, such as Fairlight, use high-per- 
formance hardware to derive timing 
clocks as high as 384 clocks per quar- 
ter note, but be wary of micro-based 
software that claims this level of ac- 
curacy. By attempting performance 
beyond the capability of the ma- 
chine, the software can actually sac- 
rifice accuracy. 


Pilot Track 

Most musical compositions have 
verses, choruses, and other types of 
sections. Sections are usually record- 
ed or written separately. When all 
the sections are completed, they are 
rearranged, repeated, and so on by 
the use of what I call a pilot track. 
The pilot track in this type of system 
operates outside the time frame of 
the composition. In fact, it may be the 
only timing stream that moves in a 
linear fashion. Macro commands, 
such as play section 3, five times, can 
pilot the interpreter through the ap- 
propriate series of pointer loads, 
plays, and reloads to accomplish the 
task. (See Figure 3, page 39.) 

The start of each section now be- 
comes the main point of reference 
for note timing. At the end of a sec- 
tion, the system timer is usually reset 
and the pilot track is consulted to find 
the next section to be played. Each 
section is treated as if it were a sepa- 
rate composition, so each can contin- 
ue up to the maximum length al- 
lowed by the system timer. 

Some pilot-track schemes use a 
Forth-type stack to hold reiterative 
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Advanced Features 

If you've made it this far, you may be 
interested in some of the extensions 
to MIDI protocol that allow more rap- 
id transmission of event triggers. 
Running status says that the receiver 
keeps the most recently received 
command byte. If additional data 


constructs and section or data refer- 
ences. I have even seen a sequencer 
that allows English statements such 
as SECTION 3 = VERSE 1 + CHORUS. In 
any case, the section is treated as a 
subroutine, with control returning to 
the pilot track when the section has 
completed. 


bytes are received without a leading 
command byte, the old command 
byte is used. 

To transmit NOTE-ONs on channel 3 
for note numbers 22h, 33h, and 44h 
with velocities of 55h, 66h, and 77h, 
the bytes shown in Example 6, page 
41, could be sent. Duplicating the 
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Figure 3: Relating the pilot track to previously stored sections of a composition 
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Algebra by Computer: 
Using REDUCE 
G. Rayna 


REDUCE is a computer program for alge- 
braic computation that is in world-wide 
use by thousands of scientists, engineers, 
and mathematicians. This new book offers 
in-depth case studies and examples of the 
use of REDUCE as a problem-solving tool 
in such areas aS quantum electrodynam- 
ics, numerical analysis, and general 
relativity. 

Contents: Introduction. Overview. A 
Harder Look. Setting Modes and Options. 
Procedures. Case Studies. Running 
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Error-Free Computation 
R.T. Gregory and E.V. Krishnamurthy 


This is the first book to examine error-free 
computation as an alternative to standard 
floating point arithmetic. Much of this 
material appears here for the first time in 
book form. 

1984/208 pp/1 illus/Hardcover $36.50 
(Texts and Monographs in 

Computer Science) 
ISBN 0-387-90967-2 
















39 


ATTENTION 
DATABASE 
DEVELOPERS 


lf you have the need for relational 
database management within your 
application programs 


TURBO-DB’ 


is the programmer's tool you have 
been waiting for! 


TURBO-DB offers a number of features 
for the software developer: 


SMALL AND LARGE 
DATABASE MANAGEMENT 


A UNIQUE 
PROGRAMMATIC 
INTERFACE FOR 
CUSTOM APPLICATION 
DEVELOPMENT 


IN ASM, ‘C’, FORTRAN AND PASCAL 


QUEL-TYPE 
QUERY LANGUAGE 


INTEGRATED DATABASE 
ADMINISTRATION 


DATABASE RECOVERY 
AND BACKUP UTILITIES 


WRITTEN ENTIRELY IN ’C’- 
UNIX COMPATIBLE 


For the IBM PC/XT/AT 
or compatible computers 
(256K RAM, DOS 2.0+, diskette or hard disk) 


Software Developer Package | 
Interactive Query Writer 
Database Administration 
Database Backup and 
Recovery Utilities 
User Tutorial 
User Reference Manual 


$145 


Software Developer Package II 
e Software Developer Package | 
e ‘C’ Object Code Interface 
e Programming Interface 
Reference Manual 


$395 


UPLAND SOFTWARE CO. 


P.O. BOX 3136 ¢ REDWOOD CITY, CA 94064 
(415) 876-7636 


MasterCard, Visa, Checks Accepted 
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MUSIC RECORDER 
(continued from page 39) 


same series with an 83h as the first 
byte turns the notes off again. 

To make this feature more useful, 
the special condition NOTE-ON with 
velocity = 0 is reserved to signal a 
NOTE-OFF operation. Its function is 
identical to the normal NOTE-OFF, but 
because it is actually a NOTE-ON com- 
mand, the running status rule ap- 
plies. The same notes could be turned 
on and off again by the bytes shown 
in Example 7, page 41. 

Remember that NOTE-OFFs won't 
actually be sent immediately after 
NOTE-ONs. If any other command 
bytes are sent in between, the run- 
ning status is interrupted and the 
command byte must be retrans- 
mitted. 


Display Methods 

Storage methods can be related to dis- 
play methods in that the note events 
can be displayed at one spot (as a con- 
ventional music note) or they can be 
displayed as a (usually horizontal) 
band on the screen with the positions 
of the start and end points represent- 
ing the start and end times of the 
note. The latter method, sometimes 
known as piano-scroll notation (be- 
cause of the similarity to a player pi- 
ano scroll), is analogous to the end- 
point storage method I have outlined. 
So, do software designers who use 
single-point storage use conventional 
notation and designers who use end- 
point storage use piano-scroll nota- 
tion? Of course not. Strangely 
enough, some of the more popular 
software packages use exactly the op- 
posite techniques from those you’d 
expect. 

Both display methods have advan- 
tages: piano-scroll notation can be 
visible to musicians who are not ac- 
customed to reading music, whereas 
conventional notation maintains 
high information density. Also, con- 
ventional notation always requires 
graphics capability. Piano-scroll can 
usually be done with text-mode 
graphics. 

Displaying notes on staff lines re- 
quires at least 4 or 5 vertical pixels 
per line on the staff, for a total of 17- 
21 pixels for a complete staff line (4 
lines times 4-5 pixels, plus an extra 
line). I have seen sheet music with 





notes printed as far as six spaces 
above or below the staff, so it is wise 
to allow a lot of blank space on each 
side of a staff line. Allowing 60 verti- 
cal pixels total per staff should yield 5 
or 6 staff lines on a high-resolution 
screen. 

Horizontal formats are usually best 
handled and allocated by the byte. A 
screen 640 pixels across would divide 
into 80 horizontal compartments 
with screen objects treated some- 
what like ASCII characters but with 
variable widths (a G clef requires two 
or three character widths). 

Despite the popularity of IBM com- 
puters, the CGA’s unfortunate lack of 
adequate screen resolution has limit- 
ed its use for staff-line-oriented edi- 
tors or forced earlier sequencers to 
use Hercules or other non-IBM graph- 
ics boards. The CGA screen produces 
square-looking notes, so convention- 
al notation on this screen may not be 
worthwhile. I find the EGA graphics 
board extremely slow, but color is a 
valuable tool for displaying music. 
Notes on a staff line can be color-cod- 
ed to designate channel numbers (to 
allow more than one channel per 
staff line). Monochrome editors 
sometimes allow selection between 
two channels per staff by directing 
note stems up or down. 

Display formats will depend large- 
ly on the display devices you have on 
hand or wish to support. Although 
EGA boards have finally made the IBM 
PC competitive with other computers 
when displaying color, you may only 
want to enter musical notes and then 
print them out on paper. Some music 
transcribers are using Jim Miller’s 
software without ever buying MIDI 
hardware for their computers. 
When doing black-and-white print- 
outs, obviously a Hercules mono 
graphics card will suffice. The Hercu- 
les board has 720 horizontal pixels, 
which ends up looking a lot longer 
than the EGA’s 640 pixels (sometimes 
a full bar of music). 

Note-event editors take many dif- 
ferent forms, but list-oriented editors 
are the easiest to design, followed by 
piano-scroll editors. List editors can 
simply convert a list of note numbers 
into NOTE-ON and NOTE-OFF events. 
This may be adequate if the main 
function of the software is to record 
live music being played on a 
synthesizer. 
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Most piano-scroll editors use strict 
binding between screen position and 
note events. The screen is sometimes 
partitioned into an even bar of music, 
for example. The x-axis position of 
the cursor then relates directly to the 
music’s time domain. 

Staff-line editors usually require a 
complex series of pointers to corre- 
late records in the data stream with 
locations on the screen. Using a cur- 
sor to locate and change a point with- 
in the music data stream can be a dif- 
ficult task because the screen spacing 
may be nonlinear when related to 
the time domain (a bar consisting of a 
single whole note will be shorter 
than a bar that holds a series of 16th 
notes). Many staff-line editors do re- 
quire vertical alignment of synchro- 
nized events, such as left-and right- 
hand piano parts that are written on 
separate staffs. This allows the screen 
to be swept from left to right with a 
single x-axis pointer, but strange tim- 
ing errors are introduced by the con- 
verter when vertical alignment is not 
maintained. If you are writing this 
type of editor/converter, I recom- 
mend keeping a separate x-axis 
pointer for each staff line. Staff-ori- 
ented editors are further complicat- 
ed by the need for multiple data rep- 
resentations. The on-screen symbols 
usually must be transformed into a 
format that is quite different in order 
to play them as MIDI notes. 

A piano-scroll editor is a good start- 
ing point for experienced software 
writers who have limited knowledge 


vel 
note 


notes 
first 


of traditional musical concepts. Only 
the most experienced writers should 
attempt to write a staff-line editor, as 
it requires a thorough knowledge of 
both music theory and program- 
ming. 


Writing Your Own 

Patch Editor 

One of my current projects is a patch 
editor for the Kawai K-3 synthesizer, 
so I can explain exactly how patch 
editing works. The K-3 generates 
sound by building waveforms from 
sine-wave harmonics. These wave- 
forms can be manipulated from the 
K-3’s front panel, but the addition of a 
computer screen offers an enormous 
advantage in visualizing sounds as 
waveforms are being altered. In my 
wave editor, color-coded bars move 
to indicate harmonic numbers and 
amplitudes. As the operator tailors 
the waveform by adjusting the on- 
screen representation, an internal ta- 
ble of values is also adjusted. Just as in 
a text editor, different versions of the 
data can be saved to disk as the wave- 
forms are being edited. The K-3 holds 
only 1 internal user-defined wave, 
but I hold up to 100 waves within one 
file so they can be compared and 
interchanged. 

When a patch or wave is ready to 
be sent to the K-3, a MIDI SYSTEM EX- 
CLUSIVE command tells the synthesiz- 
er to expect new patch information. 
No acknowledge is necessary—the 
harmonic numbers and amplitudes 
are sent out immediately. Transmit- 
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Example 8: Example data stream to initialize Kawai wave table 
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ted data can be of any length, but 8- 
bit data must be sent as two separate 
nybbles to ensure that the MSBs will 
be reset (0). Because of the potentially 
long data stream, Kawai requires a 
checksum for confirmation, but this 
is entirely up to the manufacturer. 

The data packet is closed by an END 

OF EXCLUSIVE byte, which lets the 
synthesizer get back to music 

processing.The bytes sent to the K-3 
to set up a wave look like those 
shown in Example 8, below. 

Data formats for send and for re- 
ceive are identical, so two synthesiz- 
ers can be hooked together for trad- 
ing waveforms or waves can be sent 
to the computer, modified, and then 
sent back to the K-3. 

Every manufacturer and synthe- 
sizer has a different format for sys- 
tem-specific commands. Consult syn- 
thesizer manuals for details. 


Choosing a Synthesizer 

If you will be testing your MIDI soft- 
ware by recording music in real 
time, you will need a keyboard or 
other source of MIDI note messages. If 
cost is a factor, look at Casio’s CZ-101 
(miniature keyboard) or CZ-1000 
(larger version). In a slightly higher 
price bracket, the Kawai K-3 has a 
good performance-to-cost ratio. Ya- 
maha has developed a wide range of 
FM instruments, and its DX-7 series is 
one of the best-selling series of syn- 
thesizers in the over-$1,000 range. 
KORG also makes several affordable 
machines. 
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“What's the 
longest time 
in the world?" 


“Waiting to finish 
a file transfer”’ 


“What's the answer?" 


“RamNet. This 
sophisticated software 
handles all your data 
transfers, E-Mail, BBS, 
and other communi- 
cations functions — 
All automatically in 


the background— 
while you continue 
to run any program, 
do any other task in 
the foreground— All 
without interruption 
— All for $149” 


“How do! find out more?" 


“Call the RamNet BBS 
at (212) 889-6438” 


RamNeft 


Software Concepts Design 
594 Third Ave., New York, NY 10016 
(212) 889-6431 
Menor Credit Cards Accepted 
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MUSIC RECORDER 
(continued from page 41) 


If you are interested only in patch 
editors, or if you already own a MIDI 
keyboard, consider using a stand- 
alone sound generator. These are be- 
coming more popular because one 
MIDI keyboard can control several 
slaved sound generators. Kawai has 
introduced a keyboardless version of 
its K-3 synthesizer, and Yamaha has 
just introduced a module (the FB-01) 
for less than $400. Low-cost, rack- 
mounted sampling units include the 
AKAI model S612 and the Ensoniq 
Mirage. 

The eight-voiced FB-01 and the 
four-voiced Casio CZ-101 can both as- 
sign separate tone patches to each 
voice. In other words, a piano sound, 
a violin sound, and a horn sound can 
all be played at once. This is an ad- 
vantage to software designers be- 
cause the module can be made to re- 
spond like multiple synthesizers. It is 
difficult to assign or prioritize multi- 
ple voices with a single keyboard, so 
the Casio allows this MONO-MODE op- 
eration only when sounds are played 
and assigned by an external comput- 
er. The FB-01, of course, has no 
keyboard. 

Synthesizer keyboards generally 
have nonweighted plastic keys. If 
you prefer a keyboard that feels 
more like an acoustic piano, you may 
want to invest in one of the higher- 
quality MIDI keyboard controllers, 
such as the Roland MKB-1000 or Ya- 
maha KX-88. Because these are out- 
put-only keyboards (they have no 
sound-generation electronics), they 
must be used in conjunction with an 
external MIDI-controlled sound 
generator. 

The sound of a synthesizer de- 
pends both on its electronics and on 
its programming, so it is impossible to 
categorize every type of instrument. 
There are some guidelines, however. 
Oscillators can be analog or digital. 
The difference is somewhat like 
comparing records and compact 
discs: digital oscillators are precise 
and they can produce a wide range 
of timbres, but some say that they 
lack the warmth of analog oscillators. 
Analog machines, such as the Roland, 
Moog, or Oberheim synthesizers, are 
known for producing rich string 
patches or resonant brass sounds. 





Digital machines, such as the Yamaha 
line, excel at more percussive sounds, 
like pianos or bells. Samplers can cap- 
ture breathy, human or flutelike 
voices. Musicians often use different 
types of synthesizers to cover differ- 
ent ranges of tonalities, but the 
ranges overlap quite a bit. Listen to as 
many patches as possible before 
making your choice. 


SMPTE (and Other 

Time Codes) 

Computerized recording is becoming 
popular, but the accepted medium 
for interchange of completed music 
is still audio tape. Tape is necessary 
for recording voices, guitars, and 
acoustic instruments and for trans- 
porting sounds between studios that 
have different types of synthesizers 
or drum machines. Synchronizing 
tape-based and computer-based re- 
cording media can be difficult. Fortu- 
nately, a solution to many of the 
problems already exists in the form 
of time code. 

Time codes of various types have 
been in use for many years. They are 
used to lock audio recorders to video 
machines for movie sound tracks and 
for time stamping video tape for TV 
news. One of the most popular forms 
of time code was devised by NASA asa 
simple, fixed time reference for its 
experiments. It used recordable au- 
dio-range pulses in a format known 
as biphase modulation. Biphase uses 
clock transitions, rather than states of 
polarity, to encode binary data. This 
means that the output will never bea 
nonrecordable DC voltage. The 80-bit 
serial data stream encodes time as 
hours, minutes, seconds, frames, and 
subframes. The last two increments 
are arbitrary values that vary, de- 
pending on usage, but even this 
vague specification was sufficient to 
merit acceptance in a wide range of 
applications, especially video film. It 
has come to be known as SMPTE code, 
after the Society for Motion Picture 
and Television Engineers. 

SMPTE code is based on a fixed time- 
ot-day clock, rather than a variable 
rate, so it is not the ideal code for re- 
solving the fine nuances of musical 
timing. Hardware synchronizers, in- 
corporating complex frequency mul- 
tipliers and phase-locking schemes, 
must be used to correlate MIDI tempo 
timing and SMPTE absolute timing. 


ee ee 
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é fall SetCapturet( hind) ; 
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1f nott(sRect i= rect) 

then sRect := rect(?7@, 88, 478 + x(screenSize())/4, 
ran(screenSize().y, 245 + y(screenSize(})/4)); 

end: £5 

thelind :< neu(self :Behavior); 
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Call SetUindowlord{handle(thelind), 8, hash(thelind)); 
thelind paintStruct > stetic(neu(Struct, 32)); 
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Actor™ is a new language that combines Microsoft® Windows with 
object-oriented programming. This means you can produce mouse and win- 
dow applications very quickly. 

For example, we created a simple “paint” program, and used it to draw 
the Actor logo you see on the screen. The whole program only took ten lines 
and ten minutes. Part of it is in the middle window on the left. 

Above, you see the commands that initialized the paint window and 
made it appear on the screen. Below, some code that’s built into Actor, 
specifying window behavior. Through a process known as “inheritance, it’s 


called into play automatically. 
Try programming in this new way, and you'll never go back. 


Rnd out about Actor: 
Call The Whitewater Group,(312) 491-2370. 


4 Sey MICROSOFT. 
Technology Innovation Center IN BOS 
906 University Place, Evanston, IL 60201 
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community, by discussing the 
issue of porting code across 
the three Turbo Pascai 
enviroaments, 


Turbo Tech Report 
peaks Your Language. 





The newsletter/disk publication for Turbo Pascal® users 


Are you a devoted Turbo Pascal programmer, 
tired of reading about other languages? Are you 
looking for powerful utilities written in Turbo 
Pascal that you can use to develop software or 
incorporate into your programs? Are you 
interested in improving and expanding your 
Turbo Pascal programming skills? 

Then you deserve a subscription to Turbo Tech 
Report. the bimonthly newsletter/disk publication 
trom the publishers of Dr. Dobb’s Journal and 
Micro/Systems Journal. Each issue delivers more 
than 250K of Turbo Pascal source code programs 
on disk, and 20+ pages of articles, Turbo Pascal 
software and book reviews, and analysis and 
commentary. It’s the only publication delivering 
such focused technical articles with code on 
disk—and it doesn’t waste your time with 
information about other programming 
languages. Each valuable issue contains: 

¢ Articles on topics like speedy 3D graphics, 
mathematical expression parsers, creating global 
gotos, memory resident and AI applications and 
more—all written by Turbo experts. 

¢ Reviews of the latest Turbo Pascal software 
programs from companies like Borland 


International, Blaise Computing, Media 
Cybernetics, Nostradamus, TurboPower Software, 
and more! 

¢ News and commentary detailing the 
latest products and developments in the Turbo 
Pascal programming community. 

¢ A disk filled with Turbo Pascal code! 
You'll get the Turbo Pascal utilities and routines 
discussed in the newsletter’s articles, as well as 


_ applications developed by Turbo users from 


around the world. You'll receive programs that 
make labels, generate menus, provide faster 
screen access, transfer files between CP/M and 
MS-DOS computers, and more! 

If you’re an expert Turbo Pascal programmer 
or a novice interested in expanding your Turbo 
skills, you need a publication that speaks your 
language: Turbo Tech Report. Subscribe today at 
the special price of just $99—that’s 33% off the 
regular price of $150. To order by credit card, 
call toll-free 1-800-528-6050 ext. 4001 and ask 
for item 300. Or mail the attached coupon with 
your payment to 7urbo Tech Report, 501 
Galveston Drive, Redwood City, CA 94063. 


Turbo Pascal is a trademark of Borland International Inc. 
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MUSIC RECORDER 
(continued from page 42) 


Some of the first sync boxes for 
SMPTE-MIDI conversion were from 
Roland (SBxX-80) and from Garfield 
Electronics. It is difficult to calculate 
rates and match-up points for the 
two time codes, so both of these units 
take the more practical approach of 
building a map of alignments as the 
time codes are received. The map is 
then stored to tape or to disk via MIDI. 

An important step in the develop- 
ment of SMPTE-to-MIDI standards are 
the map formats being proposed by 


If something is 
conspicuously absent 
on the sequencers 
vou see, 
it is probably 
difficult 
to design. 





SMPTE synchronizer manufacturers 
such as Adams-Smith. Adams-Smith’s 
new Zeta 3 system allows commands 
from MIDI or RS-232 to control a tape 
machine or lets time codes from the 
tape machine be translated back to 
MIDI format. Two tape transports and 
a variety of sequencers and comput- 
ers can be operated from a single 
Zeta 3 synchronizer. In actual opera- 
tion, machines are synchronized by 
striping one of the tape tracks on 
each machine with SMPTE code. The 
tape controller reads these tracks and 
fine-tunes motor speeds on the trans- 
ports. The Zeta 3 controller also out- 
puts MIDI timing bytes to keep se- 
quencers in step with the tape. 
Another type of time code in com- 
mon use is FSK, or frequency shift 
keying, which encodes Os and 1s as 
two different frequencies. A major 
drawback to FSK is the lack of enough 
resolution to provide any form of em- 
bedded absolute time reference. FSK 
tapes must always be started from a 
known reference point because FSK 
is a relative timing reference. 
Incorporation of SMPTE control or 
provision for some kind of sync-to- 
tape can be a big advantage when 
marketing software. It may only be 
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necessary to stay compatible with 
support hardware marketed by 
other companies. 


Summary 

By providing a bridge between the 
music and computer industries, MIDI 
has sparked new interest in the de- 
sign of innovative musical instru- 
ments. It has, in fact, created its own 
industry. Many competent software 
engineers are becoming interested in 
music because of this accessibility, 
and better products are being intro- 
duced every day. 
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TSF is owned and operated 
by programmers, so we under- 


stand your needs. We believe 
and practice integrity in all busi- 
ness dealings. We advertise 
real prices and offer the best 
possible terms to all cus- 
tomers. We provide prompt 
delivery of current product ver- 
sions. 


We carry only products which 
we have personally used or 
which come with strong recom- 
mendations from developers 
we respect. We have the tech- 
nical capability and the interest 
to search for and find new 
products to meet your specific 
needs. We will gladly provide 
quotes for volume purchases 
or for products outside our nor- 
mal product line. We consider 
it our job to help you get 
answers when publisher's tech- 
nical support is unresponsive. 
At TSF service means more 
than a pushy sales pitch and a 
$2 lower price. 


We accept checks, Visa, 
Mastercard, American Express 
and COD. We charge your 
card only when we ship and 
do not add a surcharge. We 
provide free UPS delivery on 
software orders over $100 ($3 
delivery charge on_ orders 
under $100). Our COD fee is 
$4. We allow return privileges 
on most products. Give us a 


try. 


The Software Family 


649 Mission Street 
San Francisco, CA94105 
(415) 957-0111 
1-800-543-6277 (U.S.) 
1-800-368-7600 (Calif.) 
Askfor Operator 2053 on toll free calls 
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New! Supercharge 
Turbo Pascal 


Mach2 from MicroHelp enhances Turbo Pas- 
cal with instant screen updates, windows, 
Ctrl-Break and DOS critical error trapping, 
flexible scrolling, Lotus-style menus and 
much more. Mostfunctions are written in as- 
sembler for lightning fast operation and low 
memory overhead. Mach2gives Turbo Pas- 
cal programs the i/o performance and 
hardware error handling capabilities of well- 
written assembly language programs. No 
royalties. All source included. (List $69) 
Only $55 from TSF. 30 day money back 
guarantee. 


New! Create 
Demos AND 
Applications 


Screen Machine from MicroHelp lets you 
paint screens to create demonstration 
prototypes for selling and refining your 
programconcept. Any PC screen can be cap- 
tured as astarting pointor youcan work from 
scratch. After finalize the concept, Screen 
Machine generates screen display code in 
Basic, Turbo Pascal, dBase Il or lil, or as- 
sembler (including support for Turbo Pascal 
and Basic Mach2 if desired). No royalties. 
Allsource included. (List$79) Only $63 from 
TSF. 30daymoney back guarantee. 


New! Visual 
Command 
Language 


Opalfrom The Software Factory lets you over- 
come MSDOS batch limitations. Run any se- 
quence of MSDOS programs using control 
logic based on the system date and time, 
operator entry (including comprehensive 
prompting and editing), the existence of files 
orthe contents offiles. Acomprehensive but 
easy to use screen painter allows you to 
quickly generate menus providing cursor-key 
item selection with full control of display at- 
tributes. Complete with screen painter. Opal 
provides acost effective alternative to custom 
written shells. Only$79. 30day money back 
guarantee. 
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Professional 
Hardware 
Diagnostics 


New! 


Almost every PC user has wasted time and 
money due to mis-diagnosis, unnecessary 
hardware service calls or technicians arriving 
without necessary parts. Windsor Tech- 
nologies now provides comprehensive, 
menudriven diagnosis software with detailed 
problem reports in English. With the 
Windsor tools you can easily identify failed 
components and make sure that service tech- 
nicians are called only when needed and that 
they know in advance what parts to bring. 
Theservice kits are used many national repair 
companies, work for|BM, clone and add-on 
components andinicude terminators for loop- 
back testing ofserial and parallel ports. The 
Windsor diagnostics let you provide the 
hardware expertise clients expect from you. 
Model T01 for PC/XT $195. Model T51 for AT 
$245. Model T91 for PC/XT/AT $395. 30 day 
money back guarantee. 


Send Or Call For 
Comprehensive 
Free Catalog 


TSF carries a complete line of software and 
hardware tools for programmers and system 
engineers. We offer "big name" products at 
competitive prices and alarge selection of 
hard-to-find products that save you hours of 
research, evaluation and developmentwork. 
Our catalog includes hype-less product 
descriptions thatexplain what our products 
do to improve your productity and your 
product’s quality. Callorsend the coupon 
for your free copy. 


FEE ee 


__ Pleasesend meafree catalog 


__ Please send the following products: 
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Availability 

All the source code for articles | in this 
issue is available on a single disk. To 
order, send $14.95 to Dr. Dobb’s Jour- 
nal, 501 Galveston Dr., Redwood City, 
CA 94063 or call (415) 366-3600, ext. 
216. Please specify the issue number 
and— format (MS-DOS, Macintosh, 
ae, 


Vote for your favorite feature/article. 
Circle Reader Service No. 3. 


Adamas-smith 

—6B4 Tower St. 
Hudson, MA 01749 
| (617) 562-3801 


AKAI Professional Div. 
P.O. Box 2344  . 
Fort Worth, TX 76113 | 


Casio Inc. 

15 Gardner Rd. 
Fairfield, NJ 07006 
(201) 575-7400 


Doctor T’s Music Software 
220 Boylston, Ste. 306 
Chesnut Hill, MA 02172 
(617) 224-6954 


E-Mu Systems Inc. 
1600 Green Hills Rd. 
Scotts Valley, CA 95066 
(408) 438-1921 


Ensonig Corp. 

263 Great Valley Pkwy. 
_ Malvern, PA 19355 
_ (215) 647-3930 


Fairlight Instruments 

_ 2945 Westwood Blvd. 
_ Los Angeles,CA 90064 Tj. 
213) 470-6280 — _ 


| Gartold Hlectronics 
. P.O. Box 1941 
_ Burbank, CA 91507 
(213) 434-6643 


_ Hybrid Arts Inc. 
- 11920 W. Olympic Blvd. 
Los Angeles, CA 90064 
_ (213) 826-3777 
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Resources 


User’s Groups 

IMA (Intl. MIDI Association) 
12543 Hortense Ave. 
Studio City, CA 


IMUG (Intl. MIDI User’s Group) 
P.O. Box 593 
Los Altos, CA 94022 


SMPTE 

(Society of Motion Picture and 
Television Engineers) 

595 W. Hartsdale Ave. 

White Plains, NY 10607 


Vendors 


Jim Miller (Personal Composer) 
P.O. Box 648 © 

Honaunau, HI 96726 

(808) 328-9518 


Kawai America Corp. 

2055 E. University Dr., C.S. 9045 
Compton, CA 90224-9045 

(213) 534-2350 


KORG USA Inc. 

89 Frost St. 
Westbury, NY 11590 
(516) 333-9100 


Kurzweil Music Systems Inc. 
411 Waverly Oaks Rd. 
Waltham, MA 02154-8464 
(617) 893-5900 


Lexicon Inc. 

60 Turner St. 
Waltham, MA 02154 
(617) 891-6790 


Mark of the Unicorn 
222 Third St. 
Cambridge, MA 02142 
(617) 576-2760 


Mimetics Corp. 

P.O. Box 60238, Station A 
Palo Alto, CA 94306 

(408) 741-0117 


Moog Electronics 

2500 Walden Ave. 
Buffalo, NY 14225-4799 
(716) 681-7242 


New England Digital Corp. 
49 N. Main 
P.O. Box 546 


Periodicals 

Electronic Musician 

2608 Ninth St. 

Berkeley, CA 94710 

Subscription Dept.: 

5615 Cermak Rd., Cicero, IL 60650 


Keyboards Computers and Software 
299 Main St. 
Northport, NY 11768 


Keyboard Magazine 
P.O. Box 2110 
Cupertino, CA 95015 





White River Junction, VT 05001 
(802) 295-5800 


Optical Media International 
P.O. Box 2107 

Aptos, CA 94301 

(408) 662-1772 


Oberheim, A Division of ECC 
Development Corp. 

11650 W. Olympic Blvd. 

Los Angeles, CA 90064 

(213) 479-4948 


Opcode Systerns 
444 Ramona St. 
Palo Alto, CA 94301 
(415) 321-8977 


Passport Designs Inc. 

625 Miramontes St., Ste. 103 
Half Moon Bay, CA 94019 
(415) 726-0280 


Roland Corp. US 

7200 Dominion Circle 

Los Angeles, CA 90040-36477 
(213) 685-5141 


Sequential Circuits Inc. 
3051 N. First St. 

San Jose, CA 95134 
(408) 946-5240 


Voyetra Technologies 
426 Mt. Pleasant Ave. 
Mamaroneck, NY 10543 
(914) 698-3377 


Yamaha International Corp. 
6600 Orangethorpe Ave. 
Buena Park, CA 90622 

(714) 522-9011 
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Breaking the 640K DOS Barrier: 


New version of Alsys 
PC AT Ada’ compiler 
improves speed, adds 
application developer's 
guide, brings seven 
80286 machines to latest 


Alsys’ landmark Ada compiler for the 
PC AT, the first to bring Ada to popu- 
lar-priced microcomputers, has been 
upgraded to Version 1.2 with significant 
improvements. 

The new version compiles faster than 
its predecessor, is validated for a full 
range of popular compatibles using the 
latest AJPO test suite 1.7, and includes 
a Developer's Guide in the documenta- 
tion set. The price remains at $2,995 
for single units, including a 4 megabyte 
RAM board. 

Both the original and the newly 
upgraded versions utilize the inherent 
capabilities of the 80286 chip and 
‘virtual mode’’ to eliminate the 640K 
limitations of DOS. These techniques 
permit addressing up to 16 MB of mem- 
ory, under the control of DOS, without 
changes to DOS in any way! 

80286 machines validated in the new 
release include HP’s Vectra, Compaq's 
Deskpro 286, Sperry’s PC/IT, Zenith’s 
200 series (including the Z-248), Tan- 
dy’s 3000 HD, the Goupil/40, and the 
IBM PC AT. The compiler supports 
DOS 3.0 or higher. Ada programs com- 
piled on the AT will also run on PCs 
and XTs supporting DOS 2.1 or higher. 


ALSYS, INC.., 
1432 Main Street, Waltham, MA 02154 


ADA NOW. Tell me more about the 
PC AT Ada compiler. 
Name 
Title 
Company 
Address 
City 
State/Zip 
Phone/Ext 
DDJ 5/87 


In the US: Alsys Inc., 1432 Main St., Waltham, MA 
02154 Tel: (617) 890-0030 

In the UK: Alsys Ltd., Partridge House, Newtown 
Rd., Henley-on-Thames, Oxon RG9 IEN 

Tel: 44 (491) 579090 

In the rest of the world: Alsys SA, 29, Avenue de 
Versailles, 78170 La Celle St. Cloud, France 

Tel: 33 (1) 3918.12.44 

* Ada is a registered trademark of the U.S. 
Government (AJPO). Alsys is the trademark of 
Alsys, Inc. References to other computer systems use 
trademarks owned by the respective manufacturers. 
Prices refer to U.S. only. Contact Alsys for prices in 
other countries. 
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ARTICLES 


Dimensional 
Data Types 


ack in the days when memo- 
B: was expensive, comput- 

ers were slow, and compil- 
ers werent smart enough to 
optimize code, it was necessary to 
write concise, clever programs. The 
resulting programs were efficient, 
but they were cryptic, which made it 
difficult to modify the code without 
adding new bugs. Managers prized 
their few brilliant programmers 
who could write and maintain effi- 
cient code. 

But then memory became cheap- 
er, computers ran faster, compilers 
became better, and genius program- 
mers started changing jobs whenev- 
er someone offered them more mon- 
ey. Managers discovered they were 
spending more money on software 
than they were on hardware. 

The old values have changed. Com- 
pact code is no longer necessary or 
desirable. Instead, managers are 
looking for code that can be easily un- 
derstood. This makes the code cheap- 
er to validate and maintain and 
makes it possible for a team of pro- 
grammers to work together efficient- 
ly and get their software product to 
the market (or battlefield) first. Peo- 
ple who write programs that are so 
complex that nobody else can under- 
stand them are no longer an asset to 
an organization. The big money is 
now starting to go to people who can 
write clear code. 

One way to make programs easier 
to understand is to use dimensional 





Do-While Jones, 324 Traci Lane, Ridge- 
crest, CA 93555. Do-While is currently 
teaching Ada programming. He is a 


columnist for the Journal of Pascal, 
Ada, & Modula-2. 
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by Do-While Jones 






The big money 
now goes to 
those who 
write clear code. 


units (centimeters, grams, seconds, 
and so on) as data types. The bibliog- 
raphy lists some articles that show 
that there has been some interest 
lately in extending the syntax of 
high-level languages to include di- 
mensional units. 

You don't have to wait for someone 
to invent a new high-level language 
with built-in dimensional data types 
because one already exists. The Ada 
programming language has features 
that make it possible to invoke di- 
mensional data types simply by ref- 
erencing a library unit. But before I 
show you how, let me take a little 
time out to show you why people 
feel a need for dimensional units. 


The Need for Dimensional 
Data Types 
Example 1, page 51, shows a simple 
Ada program that could be used in a 
microprocessor-controlled radar 
speed gun. The program as it stands is 
perfectly legal, and presumably it 
would work if I added some instruc- 
tions that really measured frequen- 
cies and showed the results on a dis- 
play. This program is an example of 
bad programming practice, though, 
because it is difficult to validate and 
maintain. 

If someone handed you Example 1 


and asked you to determine if it were 
correct, could you? If someone asked 












you to change it so it gave answers in 
feet per second, how difficult would 
it be for you to make the change? 
What makes this program difficult to 
validate and maintain is the cryptic 
number 335,300,000. Where did it 
come from? What does it mean? Is it 
correct? 

Example 1 is too short to do justice 
to the problem, though, as it contains 
only one equation. You can concen- 
trate your attention on that one line, 
and if you can’t figure it out, you can 
rewrite the whole program and you 
haven't lost much. In the real world, 
a tactical embedded computer pro- 
gram has dozens, or hundreds, or 
maybe thousands of equations. This 
complexity makes it much more dif- 
ficult to figure out, and rewriting the 
program from scratch is out of the 
question. Although Example 1 
doesn't show the magnitude of the 
problem, I hope it gives you an idea 
of the kind of difficulties that you can 
encounter when ambiguous data 
types such as float are used. 


How Dimensional 

Data Types Help 

If you write the program using di- 
mensional units as data types, the 
ambiguity problem goes away. Not 
only that, the compiler can catch ob- 
vious mistakes at compile time. 

Even though Example 1 uses de- 
scriptive variable names and there is 
no question in your mind what 
SPEED represents, you don’t know if 
it is calculated in feet per second, 
miles per hour, or kilometers per 
hour. On the other hand, if the ob- 
jects in the program were declared 
using dimensional units, you would 
know everything you needed to 
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know about them—for example: 


TRANSMIT_FREQUENCY, 
DOPPLER_FREQUENCY : Hertz; 
SPEED : Miles_per—hour; 


The Ada programming language 
allows you to derive new data types 
from existing ones. Therefore you 
could say: 


type Hertz is new float; 
type Miles_per_hour is new integer; 


Then, assuming you had also de- 
clared RECEIVED_FREQUENCY to be of 
type Hertz, Ada would let you write 
this statement: 


DOPPLER_FREQUENCY := 
RECEIVED_FREQUENCY - 
TRANSMIT_FREQUENCY ; 


But if you had declared RECEIVED 
_FREQUENCY and TRANSMIT_ 
FREQUENCY to be of type Megahertz 
and DOPPLER_FREQUENCY to be of 
type Kilohertz, then Ada would have 
rejected the preceding statement. 
The error message would have 
shown a dimensional-unit error at 
compile time. 

Simply deriving new data types 
from existing numeric types is a step 
in the right direction, but it doesn't 
get you as far as you want to go. If I 
merely defined Hertz to be a new 
kind of floating-point number, then 
Ada would think it could multiply 
two objects of type Hertz together 
and get Hertz (instead of Hertz 
squared). Similarly, if I divided Hertz 
by Hertz, I should get a dimensionless 
floating-point number—not a result 
in Hertz. 

The preceding paragraph shows 
some of the differences between di- 
mensional quantities and simple sca- 
lar (dimensionless) numbers. Ada lets 
me define additional properties of di- 
mensional data types that go beyond 
the scalar operations, but it won't let 
me undefine the operations that are 
valid for scalar objects but illegal for 
dimensional quantities. There is no 
way I can tell Ada that Hertz times 
Hertz doesn’t give me an answer in 
Hertz. 

Therefore, it isn’t a good idea to de- 
rive dimensional data types from nu- 
meric data types. Fortunately, there 
is another way. 
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A Better Solution 

Listing One, page 58, shows an Ada 
package that creates dimensional 
data types. Packages are standard 
Ada constructs that generally come 
in two parts. The package specifica- 
tion defines the available services, 
and the package body tells Ada how 
to implement those services. 

The DIMENSIONAL_UNITS package 
specification defines two private 
data types called Integer_unit and 
Float_unit. As these are private types, 
they have only three legal 
operations: 


¢ Assignment— You can assign a val- 
ue to an object of this type. 

¢ Equality— You can check to see if 
two objects of this type are identical. 
¢ Inequality— You can check to see if 
two of these objects differ in any 
way. 


All three of these operations are valid 
and useful for dimensional quanti- 
ties, but clearly more operations 
need to be provided. 

You can add two objects measured 
in feet and you will get an answer in 
feet, so addition must be defined. You 
can multiply an object in feet by a 











procedure Bad_ Example is 









begin 
return 1.0; 






-- goes here 














begin 
return ({.¢0: 
-- goes here 






begin 


-- here 
end put; 









begin 
DOPPLER_FREQUENCY := 


put(integer(SPEED)); 
end Bad_Example; 


BADGUN.ADA 


TRANSMIT. _FREQUENCY, DOPPLER FREQUENCY, 


-- Machine specific code to measure frequency 


end Xmit_Frequency_Measurement; 


function Doppler_Frequency_Measurement 
-- Machine specific code to measure frequency 


end: Doppler _Frequency_Measurement; 


procedure put(N : integer) is 


null; -- Machine specific code to display a 


TRANSMIT FREQUENCY := Xmit_Frequency_Measurement; 
Doppler_ Frequency_Measurement ; _ 
SPEED := 335.30e6 * DOPPLER_FREQUENCY / TRANSMET_FREQUENCY; 


dimensionless number, and the re- 
sult will be in feet. If you divide feet 
by feet you get a dimensionless num- 
ber. You can check to see if one vari- 
able measured in feet is shorter than 
a second variable measured in feet. 
You will find all these operations 
(and more) in the DIMENSIONAL 
_UNITS package specification. 

The DIMENSIONAL_UNITS package 
body is simple but lengthy. Fortu- 
nately, you have to compile it only 
once. Then it becomes part of your 
bag-of-tricks library, and you can ac- 
cess it with a one-line context clause. 
(Modern software professionals are 
trying to promote this kind of univer- 
sal, reusable code.) 

After I wrote this package, I started 
building a package called WEIGHTS 
_AND__MEASURES that would derive 
all possible dimensional units. It start- 
ed out like this: 


with DIMENSIONAL_UNITS; use 
DIMENSIONAL_UNITS; 
package WEIGHTS_AND_MEASURES is 


type Inches is new Integer_unit; 
type Feet is new Integer_unit; 
type Yards is new Integer_unit; 
type Miles is new Integer_unit; 





SPEED : ae , 


return fioat is 






Example 1: An Ada program that demonstrates bad programming practice 


DIMENSIONAL DATA TYPES 
(continued from page 51) 


type Centimeters is new 
Integer_unit; 


end WEIGHTS_AND_MEASURES; 


My intention was to start every pro- 
gram that needed dimensional quan- 
tities with a context clause invoking 
WEIGHTS_AND_MEASURES. A typical 
program would have looked like this: 


with WEIGHTS_AND__MEASURES; use 
WEIGHTS_AND__MEASURES; 
procedure Main_Program is 
X, ¥, Z: Feet; 
begin 
(do something with X, Y, and Z) 
end Main_Program; 


The problem was that there are too 
many dimensional units to list them 
all and define the relationship to ev- 
ery other related quantity. Just look 
through any physics reference book, 
and you will find pages of conver- 
sions from one kind of unit to anoth- 
er. Even after discarding units I knew 
I would never use (such as cubic fur- 
longs), there were still far too many 
to make a universal WEIGHTS_AND 
—MEASURES package practical. So, I 
now derive just the units I need for 
each program. 


An Example 

Listing Two, page 61, shows the 
speed gun program rewritten using 
better style. It consists of five individ- 
ual compilation units: SPEED_GUN 
—UNITS (specification), HARDWARE 
—CIRCUITS (specification), Speed_Gun 
(main program body), SPEED_GUN 
UNITS (body), and HARDWARE_ 
CIRCUITS (body). 

The first compilation unit (SPEED 
—GUN_UNITS) is the small, custom- 
ized version of WEIGHTS_AND_MEA- 
SURES for this application. It defines 
only three dimensional data types: 
Miles_per_hour, Hertz, and Miles 
—per_—second. The main program 
computes a speed in Miles_per_ 
second but the answer is desired in 
Miles_per_hour, so the Type_—Con- 
vert function is provided in this pack- 
age to make the conversion. I didn’t 
want to clutter the main program 
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with this type conversion, so I de- 
fined a special multiplication func- 
tion that includes an automatic con- 
version from Miles_per_second to 
Miles_per_hour. A package specifi- 
cation of this type often contains spe- 
cial arithmetic operators that convert 
data types—for example, a division 
operator that divides Feet by Seconds 
and returns a value of type Feet_per 
—second is common. 

The second compilation unit 
(HARDWARE_CIRCUITS) separates. all 
the implementation-dependent code 
from the main program logic. If this 
were a real project (rather than an 
classroom exercise), I could write and 





Programmers 
should no longer 
waste time 
combining 
constants— the 
compiler should 
do it. 





debug my speed calculation while 
being blissfully ignorant of how 
some other guy was writing the code 
to measure frequency and display 
numbers. (Two of us would have 
trouble doing this with Example 1.) 

The third compilation unit is the 
main program, and it looks a lot like 
Example 1, only easier to read. If I 
gave you the procedure Speed_Gun 
instead of Example 1, you could see at 
a glance how I am computing SPEED. 
To validate it, you would only need to 
satisfy yourself that it is a correct re- 
arrangement of the usual Doppler 
frequency equation—fd = (2 x 
speed X fx) / (speed of light), where 
fd is the Doppler frequency and fx is 
the transmitted frequency. 

If you compile the first three units 
in the order given, Ada will check for 
dimensional consistency automati- 
cally and tell you that there are no 
errors. Ada doesn’t need units 4 and 5 
until you ask it to link the modules to 
create an executable image. 

The fourth compilation unit tells 
Ada how to implement the two func- 
tions defined in unit 1. Ada checks for 
consistency between the specifica- 





tion and the body to make sure they 
match. The functions are easily veri- 
fied and could easily be tested sepa- 
rately from the Speed_Gun program. 

Finally, the fifth unit shows how 
you can test software before the 
hardware is finished. I chose to simu- 
late the inputs by prompting the user 
to enter some numbers from the ter- 
minal, but I could just as easily have 
made the unit read numbers from a 
disk file. 

If someone were to really build the 
speed gun, all I would have to do 
would be to rewrite the HARDWARE 
—CIRCUITS package body (unit 5) and 
recompile it. Relinking Speed—Gun 
would then replace the terminal I/O 
with the new speed gun circuit inter- 
face. I would not have to change (or 
even recompile) the first four units. 
Note that the HARDWARE_CIRCUITS 
package could also be tested without 
Speed_Gun. 

There are some test results at the 
end of Listing Two. 


The Overhead Isn’t 

as Bad as It Looks 

Listing Two is longer than Example 1, 
and that might be a cause for some 
concern. To make the comparison 
fair, you have to ignore compilation 
unit 5 (because Example 1 leaves that 
part out), but even so it is clear there 
is some overhead (in terms of pro- 
gram lines) when using dimensional 
units. In this example the overhead is 
significant, but in practical programs 
it isn't as high. The overhead appears 
out of proportion here because the 
computational part of the example 
program is so trivial. 

Consider this analogy. You might 
think it impractical to use a computer 
to keep track of your checkbook bal- 
ance because the overhead would be 
too high. Every time you wrote a $10 
check, you would have to remove the 
dustcovers, turn on the computer, 
wait for the CRT to warm up and the 
hard disk to come up to speed, boot 
the operating system, load the check- 
book balancing program, enter the 
data, copy the result to your check- 
book, turn off the computer, and put 
the dustcovers back on. It would be 
easier just to subtract the $10 on pa- 
per! But if you were running a bank, 
you wouldn't dream of keeping track 
of all of each customer's checking ac- 
counts with pencil and paper. The 
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WINDOWS FOR DATA" 








The first choice 
of professional 
C programmers 








“Windows for Data is the best 
programming tool I’ve ever used. 
It’s the most flexible I’ve seen. 
Whenever I’ve wanted to do something, 
I’ve been able to find a way.’ 


Professionals choose our tools because 
they are designed, crafted, and supported 
for professionals. Here at Vermont Creative 
Software, we understand that performance 
and pleasure in programming derive 
from more than a long list of functions. 
Windows for Data provides: 


PROFESSIONAL FLEXIBILITY: 
Our customers repeatedly tell us how 
they’ve used WFD in ways we never imagin- 
ed - but which we anticipated by designing 
WED for unprecedented adaptability. Vir- 
tually every capability and feature can be 
modified to meet special needs. You will be 
amazed at what you can do with WFD. 


PROFESSIONAL PERFORMANCE: 
Screen output is crisp and fast. Windows, 
menus, and data-entry forms snap up and 
down from the screen. WFD is built upon 
and includes Windows for C, the win- 
dowing system rated #1 in speed and 
overall quality in PC Tech Journal (William 
Hunt, July 1985). 


PROFESSIONAL RELIABILITY: 
An unreliable tool is worse than no tool at 
all. VCS products are known in the industry 
for their exceptional reliability. Ask anyone 
who owns one. 


PROFESSIONAL DOCUMENTA- 
TION: Over 600 pages of documentation 
provide step-by-step explanations for each 
major application, a reference page for each 
function, listings of functions alphabetical- 
ly and by usage, and a fully cross-referenced 
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Steven Weiss, 
Stratford Systems 


index. Extensive tutorials and demonstra- 
tion programs assist learning. 


PROFESSIONAL TECHNICAL 
SUPPORT: The same expert program- 
mers that develop our products provide 
prompt, knowledgeable technical support. 


PROFESSIONAL PORTABILITY: 
High-performance versions of VCS 
products are available for XENIX, 
UNIX, and VMS, as well as DOS. No 
royalties on end-user applications. 


OUR CHALLENGE AND 
GUARANTEE 
If you have an application where no 
other tool can do the job, try Windows 


for Data. If it doesn't help you solve 
your problem, RETURN FOR A FULL 
REFUND. YOU MUST BE SATISFIED. 


Ask for FREE DEMO DISKETTE 





Vermont 
Creative 

Software 
21 Elm Ave. 


Richford. VT 05476 
Telex: 510-601-4160 VCSOFT 


Tel.: 802-848-7738 


Prices: PCDOS* $395; XENIX. VMS, UNIX Call. 
*PCDOS specify C compiler. 
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WINDOWS FOR DATA 


for DOS, UNIX, VMS ... 
The complete windowing data entry, menu, 
and help system that does the hard job 
others can't — we guarantee it! 


Pop-up data entry windows; field types for 
all C data types, plus decimals, dates, and 
times; auto conversion to and from strings 
for all field types; system and user supplied 
validation functions; range checking; re- 
quired, must-fill, and protected fields; free- 
form movement; multiple-choice field entry; 
scrollable sub-forms. Branch and nest win- 
dows, forms, and menus. 


Complete context-sentitive help system 
with pop-up windows and scrollable text. 


Pop-up, pull-down, scrollable, and Lotus- 
style menus. 

















NEW FOR DEBUGGING: Exclusive 
VCS Error Traceback System auto- 
matically identifies the location and 
cause of program errors. Eliminates the 
need to code error checks on all function 
calls! VCS Memory Integrity Check- 
ing helps catch those hard-to-detect, 
memory-corruption errors. 


NEW FOR ERROR HANDLING: In- 
stall your own error handler to be called 
whenever a function detects an error. 


NEW FORM LAYOUT UTILITY sim- 


plifies form design. 


DIMENSIONAL DATA TYPES 
(continued from page 52) 


same overhead would still exist (you 
would still have to take off the dust- 
covers and turn on the computer), 
but it would now be a small part of 
the whole process. 

Practical embedded computer pro- 
grams are so much more complicat- 
ed than the speed gun example that 
the few extra lines needed to invoke 
a WEIGHTS_AND_MEASURES pack- 
age are negligible. 


Listing Two Can Be 

as Efficient as Example 1 
Example 1 simply multiplies a ratio 
by a predetermined conversion con- 
stant, but Listing Two appears to 
compute that conversion constant at 
run time by dividing the speed of 
light by 2 and then multiplying by 60 
twice. If it really did that, Listing Two 
would run much slower than Exam- 
ple 1. An old FORTRAN-IV compiler 
might have optimized Listing Two by 
storing the speed of light and the 
numbers 2 and 60 in registers instead 
of memory to make the program fast- 


er. Modern compilers are smarter 
than that. A good Ada compiler can 
recognize that all those constants can 
be combined at compile time and 
should generate exactly the same 
code for Listing Two as it would for 
Example 1 (if the terminal I/O simula- 
tion code was added to Example 1). 
Programmers should no longer 
waste time combining constants be- 
cause the compiler should do it any- 
way. Combining constants just ob- 
scures the source code. 


Conclusion 


Listing Two probably seems radical 
to those who first learned to program 
a computer in the 60s (as I did). But we 
have to realize that the old values 
have changed. Now the most impor- 
tant feature of a program is that it be 
easily understood so it can be easily 
debugged, validated, and main- 
tained. The use of dimensional units 
as data types is an important tech- 
nique to adopt because it helps pre- 
serve the sense of the program. 


Availability 


All the source code for articles in this 


issue is available on a single disk. To 
order, send $14.95 to Dr. Dobb’s Jour- 


nal, 501 Galveston Dr., Redwood City, 


CA 94063 or call (415) 366-3600, exten- 
sion 216. Please specify the issue 
number and format (MS-DOS, Macin- 
tosh, Kaypro). 
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modern LISP 


for under 100. 
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applications—all designed to work efficiently on 
personal computers. 
To order, or for more information, call toll-free: 


1-800-527-3500 
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$95* solution to your symbolic processing needs. 
Whether you’re an experienced LISP user, or 
just beginning to discover the power of symbolic 
programming languages, PC Scheme is the right 
product for you. It runs on IBM® Personal Com- 
puters, as well as the TI Professional Computer 
family, including the Business-Pro™ computer. 
Powerful features include an optimizing 
incremental compiler for ease of programming 
and fast eet an EMACS-like editor; 
extensions for debugging, graphics, and window- 
ing; DOS-CALL capi sad a programming 
system for the development of object-oriented 
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SAS Institute Inc. 





Announces 


Lattice C Compilers for Your IBM Mainframe 


Two years ago... 

SAS Institute launched an effort to develop a 
subset of the SAS® Software System for the 
IBM Personal Computer. After careful study, 
we agreed that C was the programming 
language of choice. And that the 

Lattice® C compiler offered the quality, 
speed, and efficiency we needed. 


One year ago... . 
Development had progressed so well that we 
expanded our efforts to include the entire 
SAS System on a PC, written in C. And to 
insure that the language, syntax, and 
commands would be identical across all 
operating systems, we decided that all future 
versions of the SAS System—regardless of 
hardware—would be derived from the same 
source code written in C. That meant that 
we needed a C compiler for IBM 370 main- 
frames. And it had to be good, since all our 
software products would depend on it. 

So we approached Lattice, Inc. and asked 
if we could implement a version of the 
Lattice C compiler for IBM mainframes. 
With Lattice, Inc.’s agreement, development 
began and progressed rapidly. 


Today... 


Our efforts are complete—we have a first- 
rate IBM 370 C compiler. And we are 
pleased to offer this development tool to 
you. Now you can write in a single 
language that is source code compatible with 
your IBM mainframe and your IBM PC. We 
have faithfully implemented not only the 
language, but also the supporting library and 
environment. 

Features of the Lattice C compiler for 
the 370 include: 


@ Generation of reentrant object code. 
Reentrancy allows many users to share 
the same code. Reentrancy is not an 
easy feature to achieve on the 370, 
especially if you use non-constant 
external variables, but we did it. 

@ Optimization of the generated code. We 
know the 370 instruction set and the 
various 370 operating environments. We 
have over 100 staff years of assembler 
language systems experience on our 
development team. 

@ Generated code executable in both 
24-bit and 31-bit addressing modes. You 
can run compiled programs above the 
16 megabyte line in MVS/XA. 

@ Generated code identical for OS and 
CMS operating systems. You can move 
modules between MVS and CMS 
without even recompiling. 

@ Complete libraries. We have 
implemented all the library routines 
described by Kernighan and Ritchie (the 
informal C standard), and all the library 


SAS is the registered trade 


routines supported by Lattice (except 
operating system dependent routines), 
plus extensions for dealing with 370 
operating environments directly. 
Especially significant is our 
byte-addressable Unix®-style I/O 
access method. 

@ Built-in functions. Many of the 
traditional string handling functions are 
available as built-in functions, generating 
in-line machine code rather than function 
calls. Your call to move a string can result 
in just one MVC instruction rather than a 
function call and a loop. 


In addition to mainframe software 
development, you can also use our new 
cross-compiler to develop PC software on 
your IBM mainframe. With our cross- 
compiler, you can compile Lattice C 
programs on your mainframe and generate 
object code ready to download to your PC. 

With the cross-compiler, we also offer 
PLINK86™ and PLIB86™ by Phoenix 
Software Associates Ltd. The Phoenix link- 
editor and library management facility can 
bind several compiled programs on the 
mainframe and download immediately 
executable modules to your PC. 


Tomorrow... 

We believe that the C language offers the 
SAS System the path to true portability and 
maintainability. And we believe that other 
companies will make similar strategic 
decisions about C. Already, C is taught in 
most college computer science curriculums, 
and is replacing older languages in many. 
And almost every computer introduced to 
the market now has a C compiler. 


C, the language of 
choice... 


C supports structured programming with 
superior control features for conditionals, 
iteration, and case selection. C is good for 
data structures, with its elegant implemen- 
tation of structures and pointers. C is 
conducive to portable coding. It is simple 
to adjust for the size differences of data 
elements on different machines. 


Continuous support... 

At SAS Institute, we support all our 
products. You license them annually; we 
support them continuously. You get updates 
at no additional charge. We have a 
continuing commitment to make our 
compiler better and better. We have the 
ultimate incentive—all our software 
products depend on it. 


For more information... 
Complete and mail the coupon today. 
Because we've got the development tool for 
your tomorrow. 


® 


SAS Institute Inc. 

SAS Circle, Box 8000 

Cary, NC 27511-8000 

Telephone (919) 467-8000 x 7000 


i want to learn more about: 


OC the C compiler for MVS software developers 
OC the C compiler for CMS software developers 
C the cross-compiler with PLINK86 and PLIB86 


today...so I'll be ready for tomorrow. 


Please complete or attach your business card. 
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Telephone 


Mail to: SAS Institute Inc., Attn: CC, SAS Circle, Box 8000, Cary, NC, USA. 


27511-8000. Telephone (919) 467-8000, x 7000 
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| LJCsSsD PASCAL 
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Turbo Pascal 
Microsoft Pascal | 











Ackerman Sieve LV/O Gauss-Seidel Floating Point 
Marshal Pascal [119 [sax [os [2ex [is] =m [oo [ux ]ios | sam 
Turbo Pascal 11.6K 11.5K 12.5K 13.5K 11.4K 
Oregon Pascal-2 13.9K a2) 11.7K 37.6K 139.7 | 26.8K 
Microsoft C 4.0 [15.9 6.0 [23.6 19.6K 
Sec. Code Size Sec. Code Size Min. Code Size Sec. Code Size Sec. Code Size 
Unparalleled Speed and Power Microsoft Linkability 
Marshal Pascal™ is the most highly code-optimized Pascal Marshal Pascal’s true relocatable linker allows you access 
compiler for PCs. Period. In fact, Marshal Pascal produces to the Microsoft family of languages and assemblers. A flexi- 
code so fast and compact that even the most efficient C ble object code librarian and powerful overlay capabilities are 
compilers fall behind in performance. Also, Marshal Pascal is also included. 


an ISO implementation, thus offering portability to other com- 
puter environments. You may address as much memory as 


Powerful Compile Options 


your operating system allows and a variety of memory models Marshal Pascal gives you a number of eee = =e HORS, 
are supported. Among the useful extensions included are: including an optimization by-pass for speedier compiles, VO 
Separate compilation of modules (both Modula-2 and Pascal fine-tuning”, constant folds and a ayaa evaluator just ae 
forms), structured constants and structured function values, name a few. A wealth of compile-time ™ hecks oe is o 
variable-length string types and procedural parameters. find the more subtle logic errors, reducing debugging time 
enormously. 
Turbo Pascal® Translator/Optimizer Efficient Large Heap Model for AI Applications 
Our translator/optimizer shrinks Turbo Pascal software Marshal Pascal gives users efficient dynamic allocation for 
enormously. You can watch your present Turbo programs run symbolic processing in AI applications. Marshal Pascal also 
in a fraction of their former time and code space! allows functions to return arbitrary structured types. This can 
be used to combine the efficiency of Pascal with the powerful 
8087-80287 Support functional programming style enjoyed by such languages as 
Marshal Pascal supports the Intel 8087-80287® math pro- LISP. 
cessors inline. If you don’t have the math chip, then ’87-287 . $189 : ; 
code simulation is a provided option. The Price? 9 includes everything. 
Supports PC-DOS®, MS-DOS®, CP/M-86®, Concurrent DOS®, and soon Xenix 286/386®! 


To order yo f Marshal Pascal, call: (800) 826-222 
Marshal Language Systems Sn In Califia: (415) 947-1000 


IBM Pascal, PC-DOS are ® of IBM Corp. Turbo Pascal is a ® of Borland Int tional, Inc. Mi ft TM, Mi = 
1 1 36 Saranap Ave ‘5 Ste ; P POB 2010 Z W: l ut Creek CA 94595 Xenix are ® of Microsoft Corp. Mystic Pascal is a ® of Mystic Canyon Sethe: ia auerrbagey a aie cat 7 
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BETTER THAN BUFFERS! 
PrintQ 


e Automatically spools all printfiles to DISK, not RAM 
e Pop-up status display provides full control over PrintQ 
e Storage capacity measured in MEGABYTES, not kilobytes 
e Printfiles are not lost when power is lost 
e Ability to hold any printfile for reprinting next week, or next year. 








PrintQ is print spooling software that lets you do all this and more, 
without adding any hardware! 


CRITICS CHOICE! 


“PrintQ is without a doubt the most sophisticated print spooler 
for the PC I’ve seen. . .the Rolls-Royce of print spoolers. 
PrintQ will quickly repay its $89 list price.’ 

— PC Magazine 


“Using PrintQ could become very addicting, and users may 
never want to go back to ordinary printing again.” 
— PC Week 


“PrintQ is not the average print spooler. . .the PrintQ menu 
screen lets you customize printing in several ways. If you're like 
me, you will decide that this freedom is worth its weight in 
saved time and money.’ 

-—PC Products 


30 Day money back guarantee! 
Not copy protected 


Only 
$89 
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Software Directions, Inc. 
1572 Sussex Turnpike, Randolph, NJ 07869 


YES! Rush me PrintQ for just $89 which 


includes postage and handling (Canada add $10—other 

foreign add $20). If I’m not convinced PrintQ saves time, 

increases productivity and enhances printer function, I'll 
return it within 30 days for a full refund. 
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| SEN D IN TH E Q-PO N 3 OR eo. residents add 6% sales tax 
Call: 1-800-346-7638 : 
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Programmers: 


Turbocharge your 
productivity with PL/PC 


PL/PC is a new programming language based in large 
part on APL (A Programming Language) with Modula-2 
control structures. It offers an integrated interactive 
programming environment for the rapid 


implementation of applications. 


Structured programming is supported with Modula-2_ control 
structures, block structured declaration of subroutines and automatic 
paragraphing of subroutines. Multi-dimensional arrays are easily 
manipulated with the large set of PL/PC array operators. Fundamental 
data types are extended to include complex numbers and strings. A 
full-featured full screen text editor is included, the editor will 
automatically position the cursor at the point in the source code where 
the last compile-time or run-time error was detected. Data are edited 
with a spreadsheet like data editor. English keywords are used 
instead of APL symbols, eliminating the requirements for special 
keyboard, character generator and _ printer. DOS files can be 
structured to be manipulated as a single data item of any dimension or 
data type. Graphic applications are supported with routines to draw 
lines, points, polygons, circles, conic sections and manipulation of data 
to/from screen. Debugging facilities include tracing, stopping, single- 
stepping, timing and profiling. 


A demonstration version is available for US$16. The demo version 
comes with a reference manual and it has a limit of six global variables. 
The standard version is priced at US$89 and the 8087 version at 
US$159. All prices include airmail postage and handling. 


PL/PC requires an IBM PC or compatibles with at least 360K of 
memory and DOS 2.11 or higher. 


Creative Computer Software 
117 York St., Sydney, NSW 2000, Australia. 
Phone: (02) 261 1611 Fax: (02) 264 7161 
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Listing One (Text begins on page 50.) 


Listing One 


a DUNITS.ADA 
—— VERSION 1 


== 1 JANUARY 1986 
a DO-WHILE JONES 
=< 324 TRACI LANE 
— RIDGECREST, CA 93555 
==> (619) 375-4607 


package DIMENSIONAL UNITS is 


-- This package provides useful parent types for derived 
-- dimensional units. That is, it makes it possible to 
-- do this: : 


-- type Feet is new Integer Unit; 
-- type Radians is new Float Unit; 


sees" Fa : constant Radians := Type Convert (3.14159); 
-- TARGET RANGE : Feet; 

-- ANGLE : Radians; 

-- REVOLUTIONS : integer; 


-- These derived data types will inherit all the operations 
-- in the package below. These are all the operations which 
-- make sense for dimensional quantities. 


-- The modulo operation for Float Units is provided to make 
-- it easy to normalize angular measurements. 


-- ANGLE := ANGLE mod (2.0 * PI); 


-- The division operator for Float_Units which return INTEGERS 
-- truncates toward zero (rather than rounding) to make it 


consistant 
-- with integer division, and it lets you do this: 


-- REVOLUTIONS := ANGLE / (2.0 * PI); 

type Integer Unit is private; 

function Type Convert (X : integer) return Integer Unit; 
-- Lets you assign values to dimensional objects. 
-- For example, 
-- TARGET RANGE := Type Convert (587); 


function "+"(RIGHT : Integer Unit) 





PRODUCTIVITY 
TOOLS nC and 


Fortran-77 


PLOTHP Plotting routines for Hewlett-Packard & 

$175.00 HPGL compatible plotters. Available in 
FORTRAN-77 & C. Full source & 
manual included. 


PLOTHI 
$175.00 


Plotting routines for Houston Instru- 
ments DM/PL compatible plotters. 
Available in FORTRAN-77 & C. Full 
source & manual included. 


GRAFLIB FORTRAN-77 & C callable screen gra- 


$175.00 _ phics routines. Full source & manual 
included. 


FORTLIB FORTRAN-77 enhancement routines 
$125.00 for various MS-DOS FORTRAN com- 
pilers. Full source & manual included. 


Call or Send For a Catalog: 


P. O. Box 1733 
Sugar Land, TX 77487-1733 
(713) 491-2088 
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SUTRASOFT 


return 
function 
return 
function 
return 
function 
return 
function 


Integer Unit; 
"-"(RIGHT : Integer Unit) 
Integer Unit; 
“abs"(RIGHT : 
Integer Unit; 
“+"(LEFT, RIGHT : 
Integer Unit; 

“—-"(LEFT, RIGHT : 


Integer Unit) 
Integer Unit) 


Integer Unit) 


return Integer Unit; 
function “*"(LEFT : integer; RIGHT : Integer Unit) 
return Integer Unit; cs 
function "*"(LEFT : Integer Unit; RIGHT : integer) 
return Integer Unit; i 
function “/"(LEFT : Integer Unit; RIGHT : integer) 
return Integer Unit; a 
function “/"(LEFT, RIGHT : Integer Unit) 
return integer; oy 
function "/"(LEFT, RIGHT : Integer Unit) 
return float; Ra 
function “rem"(LEFT, RIGHT : Integer Unit) 
return Integer Unit; 
function “mod"(LEFT, RIGHT : Integer Unit) 
return Integer Unit; Ee 
function Dimensionless(LEFT : Integer Unit) 
return integer; a 
function Dimensionless(LEFT : Integer Unit) 
return float; € 


-- "=" and "/=""are already defined for private types 


function "<"(LEFT, RIGHT : Integer Unit) 
return boolean; 

function “<="(LEFT, RIGHT : Integer Unit) 
return boolean; be 

function ">"(LEFT, RIGHT : Integer Unit) 
return boolean; i 

function “>="(LEFT, RIGHT : Integer Unit) 
return boolean; = 


type Float_Unit is private; 


function 


Type_Convert(x : float) return Float Unit; 


-- Lets you assign values to dimensional objects. 


—— For 


example, 


~~ ANGLE := Type Convert (3.14159); 


function "+"(RIGHT : Float Unit) 
return: Float_Unit; F 

function “-"(RIGHT : Float Unit) 
return Float Unit; er 

function “abs"(RIGHT : Float Unit) 
return Float_Unit; ‘a 

function “+"(LEFT, RIGHT : Float Unit) 
return Float Unit; i 

function "-"(LEFT, RIGHT : Float Unit) 
return Float Unit; = 


(continued on page 61) 
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the tool 
that created 
CopyWrite 


Now you can debug your own programs 
with a professional quality debugger - 
the one that unraveled every form of 
copy-protection used on the PC. 


With the Quaid Analyzer, you can: 
O See occurrences of any interrupt, with its 
meaning shown on the screen. 


O View memory as text or instructions, 
scrolling as easily as you do with an editor. 


Run until a memory location or I/O port is 
changed. 


Protect your hard disk from accidental 
destruction. 


Analyze software without the source, even 
when it uses countermeasures to thwart 
tracing. 


O See all stages of the boot load. 


We kept the Quaid Analyzer off the 
market to avoid helping publishers with 
copy-protection. Now that copy- 
protection is gone, we can sell it to 
you. 


The Quaid Analyzer is a software tool occupying 100K bytes. It 
runs on any IBM PC and most MS-DOS systems without hard- 
ware modification. 


call (416) 961-8243 
Quaid Analyzer $99 U.S. 


All orders shipped at 
our expense within a 
day. All major credit 
cards accepted. 


By gs 





or return coupon to: 

45 Charles St. East 

Third Floor, Dept. 604 
Toronto, Ontario. M4Y 1S2 


Payment method MC-Visa-Amex-Diners-Check 
Card No. 
Expiry Date 
Name 
Address 
City/State 
Phone No. 
Signature 


| Quaid Software Limited 
Ss 


Ask about Disk Explorer the program that takes over 
where Quaid Analyzer leaves off. 








Quaid Analyzer 
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FORTH DEVELOPMENT ENVIRONMENT 



















Take advantage of Bryte’s tools to make your job easier: 


@ Bryte’s development environment uses BRYTE-FORTH 
on the actual production hardware during product 
development. No emulators, no changes, no surprises. 





@ Optional PC-based cross-development tools use DOS 
files as microcontroller mass storage. These files 
can be used to generate compact EPROM images, de- 

tailed listings, and cross-references. 


Why not start developing the Bryte way today? 





BRYTE-FORTH 8831 EPROM 100.00 


(includes 138 page User’s Manual) 
Utility disk(s) 65.00 
Cross-compiler/Cross-assembler 235.00* 


8031 unlimitted quan. license 


* Includes complete source code 





oryte computers, Inc. 


P.O. Box. 46 
Augusta, ME 04330-0046 


207/547-3218 
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Parallel Programming for “C” 


INTERWORK 
A Concurrent Programming Toolkit 


Interwork is a “C” program library which allows you to write 
your programs as a set of cooperating concurrent tasks. 
Very useful for simulation, real-time applications, and ex- 
perimentation with parallel programming. 


FEATURES 

¢ Supports a very large number of tasks (typically more 
than 100) limited only by available memory. Low over- 
head per task results in very fast context switching. 
Provides a full set of inter-task communication (ITC) 
facilities, including shared memory, locks, semaphores, 
blocking queues, and UNIX*-style signals. Also has 
building blocks for constructing your own ITC facilities. 
Handles interrupts (DOS version) and integrates them 
into task scheduling. Supply your own interrupt handlers 
or block tasks on interrupts. 
Lets you trace task switches and inter-task 
communication. 
Comes with complete documentation including a user’s 
manual and reference manual of commands. 


Interwork is available for the following systems: 


Hardware Operating System Price 
IBM PC, XT, AT PC-DOS 2.0 or later $129 
IBM PC AT XENIX* $159 
DEC VAX? SUN III UNIX 4.2BSD $249 


PC-DOS version is compatible with DeSmet, Lattice, and 
Microsoft C compilers. 

Please specify hardware and operating system when 
ordering. Shipping and handling included; COD orders 
add $2.50. Send check or money order to: 





Ao Block Island Technologies 
Innovative Computer Software 
13563 NW Cornell Road, Suite 230, Portland, Oregon 97229-5892 


(503) 241-8971 


“Trademarks: UNIX, AT&T Bell Laboratories, Inc.; XENIX, 
Microsoft, Inc.; VAX, Digital Equipment Corporation 
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A TRAIN 


COURSE 
PEOPLE WHO 
AFTER 

















s €> €> €> 


Complete training sessions and 
courses on the world’s most pow- courses can be scheduled at your 
erful 32-bit microprocessor- ireeeeeveres facility or at our training centers. 
the 80386. Plus anewintensive § Pos § 1 addition to training, Intel offers 


Intel is offering three new 





Bist Ger thE OO 0RG, Se hardware/sofware support and 

These in-depth learning sessions are consultants. 
designed for engineers and programmers For more complete course informa- 
who want to utilize the full power and tion and schedules, call toll-free (800) 
potential of these lightning-fast chips. 548-4725. 

Lectures are combined with hands-on Or to register now, contact one of the 
workshops to provide real-life situations. Intel Training Centers listed below 
Allowing you to apply new concepts and Intel Training Centers 
techniques immediately, Boston Area, Westford Corp. Ctr. San Francisco Area 

. : Three Carlisle Road, 1st Floor 2700 San Tomas Expressway 

Courses include: Westford, MA 01886 Santa Clara, CA 95051 

80386 System Software (617) 692-1000 (408) 970-1700 

: ; Chi Ar Washi , D.C. Ar 
80386 Programming using ASM3 86 300 N: Martingale Road, Suite 300 7833 Walker iirc. Sth Floor 
High-end Microprocessor Hardware Saye pu aene 


Design a ® 
The new 80286 Microprocessor 
Family Course in 


© 1986 Intel Corporation 
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Listing One (Listing continued, text begins on page 50.) 


function **"(LEFT : 
return Float_Unit; 
function “*"(LEFT : 


integer; RIGHT : Float Unit) 


Float_Unit; RIGHT : integer) 
return Float Unit; 

function "*"(LEFT : 
return Float Unit; 

function "*"(LEFT : 
return Float_Unit; 

function "/"(LEFT : 
return Float_Unit; 

function "/"(LEFT : 
return Float_Unit; 

function "/"(LEFT, RIGHT : Float Unit) 
return integer; -- trucates toward zero 

function "/"(LEFT, RIGHT : Float Unit) 
return float; a 

function "rem'"(LEFT, RIGHT : 
return Float_Unit; 

function "mod"(LEFT, RIGHT : 
return Float_Unit; 

function Dimensionless(LEFT : 
return integer; 

function Dimensionless(LEFT : 
return float; 


float; RIGHT : Float_Unit) 
Float_Unit; RIGHT : float) 
Float Unit; RIGHT : integer) 


Float_Unit; RIGHT : float) 


Float_Unit) 
Float_Unit) 
Float _Unit) 
Float_Unit) 
-- "=""and "/=""are already defined for private types 


function "<"(LEFT, RIGHT : Float _Unit) 
return boolean; 


function "<=""(LEFT, RIGHT : Float Unit) 
return boolean; 

function ">"(LEFT, RIGHT : Float Unit) 
return boolean; " 

function ">="(LEFT, RIGHT : Float_Unit) 


return boolean; 
-- The following don't have any application to dimensional 
-- problems. I almost hid them in the package body, but I 
-- thought that since I needed them to derive some of the 
-- Float_Unit operations someone else might need them, too. 


function "/"(LEFT, RIGHT : float) return integer; 
-- divide and truncate toward zero 


function "rem" (LEFT, RIGHT : float) return float; 
function "mod" (LEFT, RIGHT : float) return float; 
private 


type Integer_Unit is new integer; 
type Float_Unit is new float; 


end DIMENSIONAL_UNITS; 
End Listing One 


Listing Two 


awe DUEX.ADA 
-- This is an example of how the use of dimensional units as data 
== types improves program clarity. 


i a ae a rm aes ee een Compilation. Unit 1 ese nee see<<s92 ees ser => 


with DIMENSIONAL UNITS; use DIMENSIONAL_UNITS; 
package SPEED _GUN _UNITS is 


type Miles _per_ hour is new Integer Unit; 
type Hertz is new Float_Unit; 
type Miles per second is new Float _Unit; 


function Type Convert (xX 
return Miles per hour; 


: Miles per second) 


function "*"(LEFT : Miles per second; RIGHT : float) 
return Miles per_hour; 


end SPEED_GUN_UNITS; 
an ren Compilation Unit 2 estes —eee ese sneer 


with SPEED _GUN_UNITS; use SPEED_GUN_UNITS; 

package HARDWARE _ CIRCUITS is 
function xXmit _Frequency | Measurement return Hertz; 
function Doppler _ Frequency Measurement return Hertz; 
procedure put(X : Miles per hour); 

end HARDWARE CIRCUITS; 


a errr nn a= Compilation GALt. 5. 8S eee 


with HARDWARE CIRCUITS; use HARDWARE CIRCUITS; 
with SPEED GUN UNITS; use SPEED _GUN_ UNITS; 
procedure Speed Gun is 
TRANSMIT FREQUENCY, DOPPLER_FREQUENCY : Hertz: 
SPEED : Miles _per_hour; 
C : constant Miles _per_second 
:= Type | Convert (186 280.0); -- speed of light 
begin 
TRANSMIT FREQUENCY := xmit Frequency Measurement; 
DOPPLER _ FREQUENCY = Doppler _ Frequency Measurement; 
SPEED := (C / 2.0) * (DOPPLER _ FREQUENCY / TRANSMIT FREQUENCY) ; 
put (SPEED) ; 
end Speed Gun; 
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A Reconfigurable 
Programmer’s Editor 
With Source Code 


ME is a high quality programmer’s 
text editor written specifically for the 
IBM PC. It contains features only 
found in the more expensive pro- 
grammer’s text editors. These 
features include: 


e Multiple Windows 
e Column cut and paste 
e Line marking for source code 
e Regular Expressions 
e C-like Macro Language 
e Reconfigurable Keyboard 
e Capture your DOS session 
¢ Run your compiler and examine 
errors 
e Comes with useful precompiled 
macros 












New commands and features may be 
added to the editor by writing pro- 
grams in its macro language. The 
language resembles C, much easier 
to write macros in than a LISP based 
language. The macro language 
comes with a rich set of primitives for 
handling strings and changing the 
editor environment, plus most of the 
flow-of-control constructs that come 
in C (for, while, if, break, continue). 


The source code option lets you see 
how text editors are written. You will 
also learn how to write interpreters 
by examining the code to the macro 
language compiler and interpreter. 


The code is written in standard C, 
with several key library routines 
written in assembler for speed. The 
source code option is perfect for 
OEMs and VARs who want to add 
editing or word processing capabili- 
ties to their applications. 





Price for editor and on-line 
documentation — $39.95 
Price for editor with 
complete source— $94.95 
(Please add $2.00 for 


shipping and handling) 


Special offer— New York 
Word word processor — $29.95 
Multi-windowing, mail 
merge, hyphenation, math, 
regular expressions, TOC 
and index generators 


MAGMA 
SYSTEMS 


138-23 Hoover Ave., Jamaica, NY 11435 
(718) 793-5670 
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Listing Two 
(Listing continued, text begins on page 50. ) 


package body SPEED GUN UNITS is 


function Type Convert (X 
return Miles per hour is 


MPH : Miles per second; 
begin 
MPH.:= X * 60 .* -60; 


return Type Convert (Dimensionless (MPH) ); 


end Type Convert; 


function "*"(LEFT : 
return Miles per hour is 
begin 
return Type Convert(LEFT * RIGHT); 
end "x", = 


end SPEED GUN UNITS; 


with TEXT_IO; use TEXT_IO; 
package body HARDWARE CIRCUITS is 


- The statements below are standing in for code which would 
-- read the frequency directly from hardware circuits and 

-- would display speed on an LCD or LED display. Since I'm 
-- using a terminal as a substitute input device I used 


-- TEXT_IO to get and put data. 


package INT IO is new INTEGER_IO(integer); use INT_IO; 
package F_IO is new FLOAT IO(float); use F_IO; 


: Miles per second) 


Miles per second; RIGHT : 


Compilation Unit 5 


get (F); 


skip line; -- TEXT_IO quirk 
return Type Convert (F); 
end Doppler Frequency Measurement; 


procedure put (X 
I : integer; 
begin 


: Miles per hour) is 


I := Dimensionless (X) ; 
put("The speed is "); put(I); put_line(" MPH."); 


float) end put; 


end HARDWARE CIRCUITS; 


$ run speed gun 


What is the Transmit Frequency (in Hertz)? 10.0e9 


The speed is 
$ 


$ run speed gun 


The speed is 
$ 


$ run speed gun 


What is the Doppler Frequency (in Hertz)? 1600.0 
54 


MPH. 


What is the Transmit Frequency (in Hertz)? 10.0e9 
What is the Doppler Frequency (in Hertz)? 1000.0 
34 


MPH. 


What is the Transmit Frequency (in Hertz)? 10.0e9 


The speed is 
$ 


function Xmit_Frequency Measurement return Hertz is 


F. : float; 
begin 
put ("What is the Transmit Frequency (in Hertz)? "); 
get (F); 
skip line; -- TEXT_IO quirk 


return Type Convert (F); 
end Xmit_Frequency Measurement; 


function Doppler Frequency Measurement return Hertz is 
EF 4. fioat: 
begin 
put ("What is the Doppler Frequency (in Hertz)? "); 












Vitamin C Difference — 








With Vitamin C, your applications come 
alive with windows that explode into view! 
Data entry windows and menus become a 
snap. Vitamin C’s open ended design is 
full of ‘‘hooks’’ so you can “’plug in’’ spe- 
cial handlers to customize most routines. 


Of course, Vitamin C includes all source 
code FREE, with no hidden charges. /t 


always has. 


Create windows with one easy function. 
Vitamin C automatically takes care of com- 
plicated tasks like saving and restoring the 
area under a window. 

Options include titles, borders, colors, 
pop-up, pull-down, zoom-in, scroll bars, 
sizes to 32k, and more. Unique built-in 
feature lets users move and resize windows 
at run-time! 


Flexible dBase-like data entry and display 
routines feature protected, invisible, re- 
quired, and scrolling fields, picture clause 
formatting, full color/attribute control, selec- 
tion sets, single field and full screen input, 
and unlimited validation via standard and 
user definable routines. 
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VITAMIN 


It’s good for your system! 


C 


High Level Functions 





Standard help handler provides context 
sensitive pop-up help messages any time the 
program awaits key strokes. So easy to use 
that a single function initializes and services 
requests by opening a window, locating, for- 
matting, displaying and paging through the 
message. 

Multi-level Macintosh & Lotus style 
menus make user interfaces and front ends 
a snap. Menus can call other menus, func- 
tions, even data entry screens quickly and 
easily. 

Text editor windows can be opened for 
pop-up note pads and general purpose 
editing. Features include insert, delete, word 
wrap, justify, cut, paste, search, and more! 


With VCScreen and Vitamin C working 
together, you'll reach a new level or produc- 
tivity you can’t reach with a function library 
alone! 

VCScreen speeds development even more! 
The interactive screen editor actually lets you 
draw input, output and constant fields, 
headings, boxes, lines, even a window for 
your froms to run in. 

VCScreen generates readable C source 
code ready to ’’plug in’ to your application 
and link with Vitamin C. 


What is the Doppler Frequency (in Hertz)? 2000.0 


67 MPH. 


End Listings 








| ..__—siéGwgrantee : Guarantee 


Better than a brochure. More than a demo 
disk. If you’re not satisfied, simply return the 
package within 30 days and receive a full 
refund of the purchase price. 

WING. s. 1.25 Fae ee $225.00 

Includes ready to use libraries, tutorial, 
reference manual, demo, sample and 
example programs, and quick reference 
card; for IBM PC and compatibles. Specify 
compiler and version when ordering. 
Mifamun © S6uree.n. os a oe FREE* 

“Free with purchase of Vitamin C. 


Me eteer ii. sy Sd Se eee $99.95 
Requires Vitamin C and IBM PC/XT/AT or true 
compatible. 


Shipping $3 ground, $6 2-day air, $20 over- 
night, $30 overseas. Visa and Master Card 
accepted. All funds must be U.S. dollars 
drawn on U.S. bank. Texas residents add 
74% sales tax. 


(214) 245-6090 


{ " 
{ PROGRAMMING 


Creative Programming Consultants, Inc. 
Box 112097. Carrollton, Texas 75011 
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Turbo Pascal Tools 


pd ites 
Advantage: 


Source Code Libraries 
ie) s Turbo Pascal 





his library of more than 220 routines, com- 

plete with source code, sample programs 
and documentation will save you hours develop- 
ing and optimizing your programs! 


Routines are organized and documented under 
the following categories: bit manipulation, file 
management, MS-DOS support, sorting, string 
operations, arithmetic calculations, data com- 
pression, differential equations, Fourier analysis 
and synthesis, matrices and vectors, statistics, 
and much more! All source code is included. 


A detailed manual includes a description of the 
routine, an explanation of the methods used, 
the calling sequence, and a simple example. For 
MS/PC-DOS systems. 


Turbo Advantage Item #070 $49.95 


_ STAT 


Toolbox 


_ for Turbo Pascal 


Two statistical packages in one! 


A library disk and reference manual 

Use these powerful statistical routines to build 
your applications. Routines include: ® statistical 
distribution functions © random-number genera- 
tion ® basic descriptive statistics © parametric 
and non-parametric statistical testing ® bivariate 
linear regression, multiple and polynomial 
regression. 


A demonstration disk and manual 

This package incorporates the library of routines 
into a fully functioning statistical program. Two 
data management programs are included to 
facilitate the storage and maintenance of data. 


Full source code is included. (For IBM PC’s and 
compatibles. Turbo Pascal version 2.0 or later, 
and PC-DOS 2.0 or later are required.) 


STAT Toolbox Item #050 $69.95 








TURBO 
Advantage 
Display: 


Form Generator 


for Turbo Pascal 


TURBO Display includes a menu driven form. 


processor, 30 Turbo Pascal procedures and func- 
tions to facilitate linking created forms to your 
program, and full source code and documenta- 
tion. For MS-DOS systems. 


Some of the TURBO Advantage: Source Code 
Libraries for Turbo Pascal routines are 
necessary to compile TURBO Display. 


TURBO Display Item #072 $69.95 


The 
Turbo Pascal 


Toolbook 


Edited by 
Namir Clement Shammas 





You'll find: 

e an extensive library 
of low-level routines 

e external sorting and searching 
tools, presenting a new database routine that 
combines the best features of the B-tree, 
B+ and B++ trees 

© window management, to help you create, sort 
and overlay windows 

e artificial intelligence techniques 

© mathematical expression parsers, offering two 
routines that convert mathematical expres- 
sions into RPN tokens 

® a smart statistical regression model that 
searches for the best regression model to 
represent a given set of data. 


All routine libraries and sample programs are 
on disk for MS-DOS systems, and over 800K of 
Turbo Pascal source code is included! 


Turbo Pascal 

Toolbook 

Turbo Pascal Toolbook 
with disk 


Item #080 $25.95 


Item #081 $45.95 





toe 
Advantage 
Complex: 


Tela lle eles 


for Turbo Pascal 


TURBO Complex provides procedures for perform- 
ing all the arithmetic operations and necessary real 
functions with complex numbers. Each procedure 
is based on predefined constants and types. By 
using these declarations the size of arrays are easily 
adapted. Each type declaration is a record with 
both a real and imaginary part. Use these pro- 
cedures to build more sophisticated functions in 
your own programs. 


TURBO Complex also demonstrates the usage of 
these procedures in routines for vector and matrix 
calculation with complex numbers and variables; 
simultaneous Fourier transforms; calculations of 
convolution and correlation functions; low-pass, 
high-pass, band- pass and band-rejection digital 
filters; and solving linear boundary-value 
problems. 


Source code and documentation is included. For 
MS-DOS systems. Some of the TURBO Complex 
routines are most effectively used with routines 
contained in TURBO Advantage. 


TURBO Complex Item #071 $89.95 
@@ee@eeoeoee17eeeeee ee @ 6G Ge 
® TO ORDER: Return this coupon with your payment 
to: M&T Books, 501 Glaveston Dr., Redwood City, CA 
‘ 94063. Or, Call TOLL-FREE 800-533-4372 Mon-Fri 
@ 8a.m.-5p.m. In CA call 800-356-2002 
@ YES! Please send me 
@ [|] TURBO Advantage #070 $49.95 
® [|] TURBO Advantage Display 


e #072 $69.95 
® |] TURBO Advantage Complex 
e #071 $89.95 


© (J STAT Toolbox #050 $69.95 
® [J Turbo Pascal Toolbox # 080 $25.95 
[1] _ with disk #081 $45.95 


Subtotal 
CA residents add salestax —% 
Add $2.25 per item for shipping 
TOTAL 


SS 


Name —__——————— eee 


Address 





City 
State — ZIP LD 
[] Check enclosed. Make payable to M&T 
Publishing. 
Please charge my [] VISA [] M/C [] AMEX 


Card no. 








Expiration Date 





Signature 





31273 







C-PROGRAMMERS 


Fie System Utility Libraries 


All products are written entirely in K&R C. Source 
code included, No Royalties, Powerful & Portable. 


Ae |] oe] AN4 "955300 


® High speed random and sequential access. 
© Multiple keys per data file with up to 16 million records per file. 
* Duplicate keys, variable length data records. 


oa. 4.0.00 


® Greatly speeds application development. 

° Combines ease of use of database manager with flexibility of program- 
ming language. 

© Supports multi key files and dynamic index definition. 

® Very easy to use. 


Make eo) OO 


® Patterned after the UNIX utility. 
° Works for programs written in every language. 
® Full macros, File name expansion and built in rules. 


Full Documentation and Example Programs Included. 


ALL THREE PRODUCTS FOR — 149. eat3 


For more information call or write: 1343 Stanbury Drive 
Oakville, Ontario, Canada 
L6L-.2455 

(416) 825-0903 








Credit cards accepted. Dealer inquiries invited. 
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WINDOWS — MENUS — DATA ENTRY — SCREENS 





HI-SCREEN XL" 


Application Developers! HI-SCREEN XL™, the newest version of HIGH SCREEN, 
is a complete and unmatched programming tool for managing your user-interface. 
HI-SCREEN XL™ features a revamped and enhanced screen editor, increased 
speed and performance, along with a new thorough reference and user’s manual. 


Whatever tool you own: compare, you'll be convinced! 









1. WINDOWS 1. WINDOWS: for on-line help, 

HI-SCREEN Xl" makes you a menus, data entry. Up to 26 levels 

master in window management: deep. 

Pop-up windows any size, anywhere. | 2. MENUS: pop-up, pull-down or 

_ ©Use windows for data entry, menus, Lotus-style, also for batch files. 

on-line help. 3. DATA ENTRY: automatic field 

e Create context-sensitive help, conditioned checking: format, type, range... 
by user keystroke sequence, with field by field or full screen. 
scrollable text. Error handling. 

© Unlimited number of windows, overlapping | 4. SCREENS: full-featured screen 
up to 26 levels deep. Savelrestore area editor. Language independent. Fast 


under each window. display from RAM. 


(415) 397-4666 


HI-SCREEN Xi" is $149 
(CA res. add tax), S&H USA $5 
Visa, M/C welcome 


Oa MMe ees 
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Listing Twenty-six 


(Text in April) 

[/ *---------------------- ------ -- -- -- - -- -- + -- -- - - - 
* 
* NRPROCS.C 
x 
* Copyright (c) 1986, Allen I. Holub. All rights reserved. 
x 
* Routines for processing individual commands, the following 
* commands cause a break unless ~ is used as the command 
* Qharacter: :-Gp sbr ioe .f1: «in nf «sp <t2 
* 


/ 


#include <stdio.h> 
#include <ctype.h> 
#include "nr.h" 


extern int mgetc(), fgetc(); 

extern char *skipspace(), *skipto(), *cpy(); 

extern char Fstrsave.--enan*® =} 

extern double parse (chart aye 

static Nestlev = 0; /* .{/.} Nesting level */ 

[ ®&e nnn - - - - - -- -- - -- - - + ee ee x / 


setnum( target, num, offset ) 
int *target, num, offset; 
{ 
/* If offset is true, set target to its 
* previous value + num, otherwise set 
* it to num. Numbers are not allowed 
* to go negatative. 


+7 
if( !offset ) 
*Carget = (num-< 0) -2-° 0 :-num 
else 
{ 
if( ( *target += num) <0 ) 
*target = 0; 


* Routines to process individual commands: (note that the 
* comment command .\" is processed by expand() in nr.c. 

* The \" is the actual comment delimiter and a dot ona 

* line by itself is treated as a comment. 


ay 
sblock () 
{ 
et. A --- NOT AN NROFF COMMAND --- 
x 
*. “Starts a Dlock foram: iif,..46,° or .€1: 
* Bumps the process level up a notch. This 
* routine can not be inhibited by "Inhibit." 
* A \{\ or \{ is mapped to a .} for nroff 
* compatability. C3) 
*/ 
++Nestlev; 
process( Ifile, Ifilename, Ismacro, Macv ); 
return 0; 
} 
/* wn wm nw wr ww wn wn wn ww ee ee eee eee eee eee x / 
eblock () 
{ 
{[* a} --- NOT AN NROFF COMMAND --- 
* 
* Terminate a .{ block 
* Forces process() to terminate, bumping the 
* nesting level .back down a notch. This routine 
* can't be inhibited by Inhibit. A \} is treated 
* like a comment in terms of escape processing 
* but it escape() will call eblock() in this 
* ‘Case too, ({) 
* 
* This command is not inhibitable 
e/ 
if( --Nestlev >= 0 ) 
return.1; 
else 
{ 
Nestliev = 0 ; 
err("Mis-matched .} (No corresponding .{ )\n"); 
return 0; 
} 
} 
/* a a a Sct ea a in ey a ea a a sn on rs es da ee a ae eb nw wa eg SE Ma ane ec eee x 
ad(lstr) 


unsigned char a2 SCE 5 
f* ad. (bp ff 1-2 


* Turn on adjusting. If *lstr is null then BOTH is 


* used, otherwise the indicated adjustment mode is 
Five, SEC. 


Adjusting = 1; 
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80386 


switch( *lstr ) 


case '\0": SOFTWARE DEVELOPMENT TOOLS 
case ALT BOTH: Adjmode = BOTH ; 

ae break; The Phar Lap 80386 Software Development Series: 
case RIGHT: 

case CENTER: roe = *]str; 386|ASM/LINK by Phar Lap (MS-DOS®) $495 
default: Full-featured macro assembler and linker. Includes a de- 


err("Bad mode: use (l)eft (r)ight: (c)ent x ; % 
a, ae bugger and 32-bit protected mode runtime environment. 
(bd) oth=(n) ormal.\n"); 


80386 High-C™ by MetaWare (MS-DOS®) $895 

















80386 Professional Pascal™ (MS-DOS®) $895 
by MetaWare 


em( str) 
char *str; 


{ 


~ 


* .cm [on] -- NOT AN NROFF COMMAND -- 

* enable nroff-style copy mode inside macro UNIX™ and VAX/VMS® cross tools (call) 
* definitions. If no argument, nroff copy 

* mode is disabled. In normal copy mode only 
* \"" and \<CR> are recognized. In nroff mode 
* the following are recognized: 

x YW" \<or> “Var “A WE AAAs NE Aa 

* 


The wait for professional software development tools 
for the 80386 is over! Whether you are upgrading an 
existing IBM PC application to the ’386, moving a 
mainframe application down to a PC, or writing the 
next PC best-seller, the Phar Lap 80386 Software 
Development Series is for you. It is an integrated line 
of products which provides everything you'll need to 
create and run 80386 protected mode applications 
under MS-DOS. 


/ 


' Nr_cpmode = *str ; 


af (istry; rstr) 
char SSCS Miect : 
{ 
/*..af R [1 001 i I a Ae EB} 
x 


* Alter format of number register R to the 





















io indicated mode. Default is arabic. (61 7) 661-1510 
register int @: Phar Lap Software, Inc. “The 80386 Software Experts” 
i aii sta: Gale i 60 Aberdeen Ave. Cambridge, MA 02138 
SD ileal, CIRCLE 343 ON READER SERVICE CARD 
while( isdigit(*rstr) && c< '9! ) 
Ms slew SCIENTIFIC/ENGINEERING 
ets GRAPHICS TOOLS 
if( isdigit( *rstr ) ) for the IBM PC 
err("Only 9 digits of zero fill allowed\n"); 
nea FORTRAN/Pascal tools: GRAFMATIC (screen graphics) 
BF cr etna, nt eee ae and PLOTMATIC (pen plotter driver) 
case UC ROMAN: : : ‘ Siete nt 
case LC ALPHA: These packages provide 2D and 3D plotting capabilities 
bane TCENG: » for programmers writing in a variety of FORTRAN/Pascal 
ence . tana environments. We support MS, R-M and IBM FORTRAN 
Aittaiand. and more. PLOTMATIC supports HP or Houston Instru- 
err( “Illegal number register format <%c>\n", c ); ment plotters. 
putnreg(1str, c , 0, -1, 0, 0); Don’t want to program? Just ask for OMNIPLOT! Menu- 
Bae driven, fully documented integrated scientific graphics. 
[hewn nnn nnn anno nn = 3-3 o-oo === */ Write or call for complete information and ordering in- 


structions. 
GRAFMATIC — PLOTMATIC — OMNIPLOT [S] & [PI 


am(lstr, rstr) 
char *1 Str, *rste: 
{ 
/* .,am xx yy 
* 


i. Append text to the macro named xx until 
* either .. or .yy (in rstr) is found at the 
* start of the line. 
my 
if( *lstr ) 
mappend( lstr, rstr ); 
else 


err("Missing macro name to .am\n"); 


(2M) NINO 35 





CONCENTRATION 


astlstr, .rstr) 
char *istr, *rstr; 


{ 







Time 


Microcompatibles, 301 Prelude Drive, Silver Spring, MD 20901 
(301) 593-0683 


(sec) 


/*-5a3 Astr rstr 
* 


* append rstr to end ofstring named in lstr 


(continued on next page) 
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UTILITY 
Version 2.0 


The BEST just got BETTER! 


If you’re serious about software 
development, consider the SEIDL 
MAKE UTILITY (SMK). SMK is 
not just another copy of the Unix 
Make. It was specifically designed 
to deliver features and performance 
not found in other makes. 


V Structured Language to 
describe dependencies in a clear, 
concise and portable manner. 


VY Rich Command Set 


includes parameterized macros, 
variables, if-then-else, iteration, 
wild cards, exception cases, 
macro libraries, interactive state- 
ments, environment access, pat- 
tern matching and much more! 


Y Intelligent Analysis 
algorithm handles nested include 
files, library dependencies, and 
performs consistency tests to 
detect errors that other makes 
would blindly ignore. 


V Seidl Version Manager 


compatibility lets you expand 
your system into the most 
comprehensive revision/version 
control system available. 


“SMK is a very good Make indeed. 
Its major distinction is a truly simple 
Dependency Definition Language, 
easy to learn and easy to use... 
you'll probably bless SMK." 

— Sextant, July ’86 


"SMK offers many unique features. 
[The error handling facility] is 
extremely useful if a large number of 
files must be recompiled." 

— Computer Language, June ’86 


DOS $3.50 p&h 
Version $9 g”> Call ris other 
Only Op systems. 


Call Today 
1-313-662-8086 


Visa/MC/COD Accepted 
Dealer Inquiries Invited 


SEIDL COMPUTER ENGINEERING 
SETS GEES SETTER IIT TEENS: 


a 
3106 Hilltop Dr., Ann Arbor, MI 48103 
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Listing Twenty-six (Listing continued) 


ay 
Sf (Ai stx') 
sappend( lstr, rstr ); 
else 
err("Missing string name\n"); 
} 
/* SaaS eT sn Se al SA ch Sh i specs US Ses Signa om ses a itchy cs abe wave sions np reob: oars Gouge Maa iops Masog x / 
BAC LStry: ‘Ste: ) 
char ALSEYD >. *rstxr> 
{ 
/* .bd on off = --- MODIFIED NROFF COMMAND --- 


* 
* 
* Initialize bold face mode. 

* Send lstr to the printer to put it into bold mode, 
* send rstr to turn off boldface. Maximum length of 
* either string is 80 characters. Use \x to send 

* control characters. 

* 


a, 
static char on[81], off[81] 
on[80] = of £[80}] = 0; 


Strmcpy< on,  iLstr;.-80:)> 
Sstrnepy(: OLE .rser,> 80 .).3 


Bd on. = On ; 
Bd _ off = off; 


/* ca aap al SG sib a ins ec, es cs is a se > as lls es cs ilo atc rire wy cel Gime as eerie erase ve x / 
bo( num, str, offset ) 
char Sir 
int num, offset; 
{ 
/* «bo [ [+-]N ] --- NOT AN NROFF COMMAND --- 
* 
* Put the next N input lines into boldface. 
a 


setnum( &Num_ bold, num, offset ); 


bp( num, str, offset, dobreak ) 
char *Sstr; 
{ 

A* bp. Potts]: No] 


x 
* begin new page, having number N. If N is 
vs absent, use the current page number + 1; 
* Note that N is applied to the new page, 
* not the current one, so a footer on the 
* current page will reflect the old number. 
* 
/ 

if( num ) 


Nospace = 0 ; /* Re-enable spacing a] 


if( dobreak ) 
brk(); 


prblank( (PGLEN-OLINE) + 1 ); /* Finish page */ 


if( num ) 
PAGE = offset ? PAGE + num: num: 


br( str, dobreak ) 
char *str; 


{ 


/* .br - stop filling and print current buffer. 

*/ 

if (dobreak) 

brk(); 

} 
/* a naw a wn ww wn ww ww = = ee * / 
c2t etry ) 
char *lstr 
{ 

fE- -E2 Fe} - ehange nobreak character to c (*lstr) 

x if c isn't defined, use ° 
mf 


Nobreak = *lstr ? *lstr : '** ; 


/* Se a ae a aS OR ae a Sts et Sa ee a as cp SS ain cain So ee eer mses es xf 
ect: 1 str~) 
char Atstrs 
{ 
/* .cc [c] -- make c the command character. If 
x 


missing, use dot (.). 
=F 
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Cre Gin = Sacre Piste a8. 3 


/* a En */ 
ce( num, str, offset, dobreak ) 
char eSiety 
int num, offset ; 
{ 
/* .ce [N] -- Center the next N input lines 
* without filling. Default N is 1. 
*f 
if( dobreak ) 
brk(); 
Num_center = offset ? (Num_center + num) : num ; 
} 
/* ee we we ow ee we a a ew ww on ww we ew wr ww oe ee en x / 
ert stx™-) 
char K SEL 
{ 
/* .cf file -- copy file directly to standard 
* output. Useful for downloading 
* fonts. 
*/ 
FILE XFS 
register int e 
if( !*str ) 
err( “Missing filename in .cf\n" ); 
else 
{ 
if( !(fd = fopen(str,“rb")) ) 
err(".cf &%s, Can't open file\n", str); 
else 
{ 
while( (c = getc(fd)) != EOF ) 
putc( c, stdout ); 
tEcloset. fa-}s 
} 
} 
} 
/* en x / 
ch¢( num, stxr, -offset .) 
char MSE. 
int num, offset; 
{ 
/* .ch xx [+-]N -- Change trap postion for macro xx 
x 


to N. Any existing trap at that 
* position is destroyed (NROFF will shadow the 
* earlier trap, not destroy it). If N is absent, 
* the trap is removed. 


«/ 
L£( *str’) 
movetrap( str, num, offset ); 
else 
err("Missing macro name in .ch command\n") ; 
} 
/* a es cage sey oe apes cee pes me aegis en ir ets ae tas a Cry esr Se re San a as ania ih eee a a SS a an ED Oe nae ae ay x / 
cut- num, str, -offset ) 
char “Str; 
int num, offset; 
{ 
/* .cu [[+-]N] -- Continuous underline next N 
x input lines. All characters are 
underlined, even spaces. 
x / 


setnum( &Cont_ul , num, offset ); 


| *------ -- -- - rrr x / 
da( lstr ) 
char «LSE; 
{ 
/* .da [xx] -- Append to diversion xx. Stop 
* appending when a .da or .di without 
‘s an argument is encountered. 
af 
L£( *istx ') 
dappend( lstr ); 
else 
endiv(); 
} 
/* women wwe ee ee eo oe oo oe = - - - xf 
db( lstr ) 
char mi Ster 5 
{ 
FE SAB. {34 -- NOT AN NROFF COMMAND -- 
Enable debugging mode (same as 
* -v -c on the command line) if an 


(continued on next page) 
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Byte Magazine called it. 


“CIARCIA’S 
SUPER 
SYSTEM’ 







The $B180 
Single Board Computer 


Featured on the cover of Byte, Sept. 1985, 
the SB180 lets CP/M users upgrade to a 
fast, 4" x 71/2" single board system. 


6MHz 64180 CPU 
(Z80 instruction superset), 256K RAM, 
8K Monitor ROM with device test, disk 
format, read/write. 
¢ Mini/Micro Floppy Controller 
(1-4 drives, Single/Double Density, 
1-2 sided, 40/77/80 track 31/2” 51/4” 
and 8” drives). 
e Measures 4” x 71/2’ with mounting holes 
e One Centronics Printer Port 
Two RS232C Serial Ports 
(75-19,200 baud with console port 
auto-baud rate select). 
ZCPR3 (CP/M 2.2/3 compatible) 
Multiple disk formats supported 
¢ Menu-based system customization 


New Low Prices 


$B180-1 

S$B180 computer board w/256K 

bytes RAM and ROM monitor 

othe eee see 65k w icai ake Se 
$B180-1-20 

same as above w/ZCPR3, ZRDOS 

and BIOS source ......... $399.00 
COMM180-S 

SCSl interface ....... . . 150.00 


Now Available 


TURBO MODULA-2.........$69.00 
TURBO MODULA-2 with 


Graphix Toolbox 





CALL TOLL FREE a 
1-800-635-3355 eros 


For Technical Information or in CT, call: 


1-203-871-6170 


S 
SF Micromint, Inc. 
s = 4 Park Street 
Vernon, CT 06066 
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More Common Lisp features in less space 
for less money than any other IBM-PC lisp. 


m@ MSDOS portable 

@ Bignums, 8087 support 

m@ Multidimensional arrays 

@ Full Common Lisp package system 

@ Full set of contro! primitives. 

@ Keyword parameters, macros 

@ Save/restore full environments for speed 


@ STEP, TRACE, BREAK, DEBUG, ADVISE, 
APROPOS 


@ Roll-out frees space for invoking MSDOS 
commands 


lQCLISP PACKAGE $300. 





fa Integral Quality 


BE B@@Ry © sCP.0. Box 31970 
L ante606©6—Ct—i«‘éS atl, Washington 98103 
(206) 527-2918 


IQLISP 





Now with a compiler. 


m@ Compiler comes with source 


m@ Compiler cuts execution time 50-75%, 
program size 60-80% 


@ Multidimensional arrays 

@ Floating point, bignums, 8087 support 
@ Macros 

@ Color graphics 

@ Multiple display windows 

@ Assembly language interface 

@ Available for IBM PC or TI-PRO 


lQLISP PACKAGE $270. 
INCLUDES COMPILER 


_ @ VISA and Mastercard accepted 
_ @ Generous update policy 


@ Attractive educational license 
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Listing Twenty-six (Listing continued} 


de(lstr, 


char 


{ 


x 


* 


argument is present, else disable 
debugging mode. 
/ 


Verbose = No_cntl = *lstr != "\0° ; 


rstr) 


aa. 


™ 


Str, *Fstr* 
-de xx yy -- ENHANCED NROFF COMMAND -- 


Define a macro called xx. Definition stops 
when a .<rstr> is found at the beginning of 
If rstr is missing .. is used. If both 
arguments are missing, all currently defined 
macros are printed (like .pm in real nroff 
except contents of macro are printed too). 
If the macro already exists, it is deleted. 


+ + + + FF Fe HH OM OF 


Two copy modes are supported (see .cm). 
/ 


it A EStr) 

mcreate( lstr, rstr ); 
else 

printm(); 


ai-(€ Lstr,  rstr) 
char *istr, *rstr:> 


{ 


Ns 


+ he tH BO ee ee OR Me. Oe Oe ee ee 


.df F <start> <end> <cwidths> 
-- NOT AN NROFF COMMAND -- 
Define a font. F is a font name (one character), 


<start> is a macro to invoke when font is invoked. 
<end> is a macro to invoke when you switch out of 


the font. <cwidths> is the name of a file that holds 


the character-width tables (up to 255 char-sized 
numbers delimited by whitespace or blank lines). 
If no font name is specified then existing fonts 
are printed to standard output. 


Lastfont (below) points at the most recentl 

added font. This routine assumes that main() will 
call it to initialize the roman font before any 
other fonts are defined. The behaviour is a little 
strange though. findfont() always returns 0 when 
the 'R' font is requested. Consequently 


findfont() won't return -1, for a nonexistant font, 


when 'R' is defined. Be careful. 


/ 


register FONT *ip: 
x . 


register char 
static FONT 


*lastfont = éFonts([0]; 


int i, existing ; 
FILE *stream; 
UCHAR *malloc(); 
Heo Thi ctr) 


{ 


else 


for( fp = Fonts-1; ++fp <= lastfont; ) 
{ 


printf ("Font %c: start with <%s>, end with <%s>, 


widths:", 
fp->name, fp->smac, fp->emac ); 


p = fp->widths; 
for( i = 0; i < MAX_CHARS IN FONT; i++ ) 
{ 

if( i% 8 == 0 } 


printf ("\n") ; 
$f 1-4} 
printf ("*%c:%-3d ", i+'@', pfi]):; 
else 
printf£("%2c:%-3d ", i » pli} }: 
} 
printf ("\n---------------------------------------- \n") 
} 
existing = findfont(*lstr); 
if( lastfont >= & Fonts[ NUMFONTS-1 ] && existing < 0 ) 
err("“May not define more than %d fonts\n", NUMFONTS); 
else 
{ 
if({ existing < 0 ) /* Font doesn't exist *f 
fp = ++lastfont; 
else /* Redefining existing font */ 


{ 
fp = &Fonts[ existing ]; 
if( fp->left ) 
free( fp->left ); 
} 


fp->name = <2 Sey: 
fp->resolution = Hs amt; 
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Separate Compilation 
w/inter-module typechecking 
Native Code Generation 
Large Memory Model Support 
Most Powerful Runtime Debugger 
Comprehensive Module Library 
Maintainability 

Translator from Turbo and 

ANSI Pascal 


WIN A FREE TRIP TO 


Switzerland 








HOMELAND OF MODULA-2 


Return your Modula-2 Registration Card or 
a reasonable facsimile* postmarked between 
March 1, 1987 and May 31, 1987 to be included 
in a once-only drawing! 

Grand Prize: One week excursion for 2 in 
Zurich, Switzerland including a guided tour of 
ETH, the University where Modula-2 was 
created by Niklaus Wirth. European custom- 
ers may substitute a trip to Silicon Valley, 
California. 


Second and Third Prizes: LOGITECH C7 
Mouse or LOGITECH Bus Mouse with Paint 
& Draw software —a $219 value, absolutely 


free! 
*Write to Logitech, Inc. for a registration card 
facsimile. 


APPRENTICE PACKAGE $99 
Everything you need to begin producing reliable 
maintainable Modula-2 code. Includes the Compiler 
with 8087 support, integrated Editor, Linker, and 
BCD Module. We're also including FREE our Turbo 
Pascal to Modula-2 Translator! 


WIZARDS’ PACKAGE _ $199 


This package contains our Plus Compiler—for _ 


professional programmers or for those who just want 
the best. The Plus Compiler with Integrated Editor 
requires 512K and takes advantage of the larger 
memory to increase compilation speed by 50%. Our 
Turbo Pascal to Modula-2 Translator is also includ- 
ed at no extra — . 


MAGIC TOOLKIT $99 

We've put our most powerful development tools 
into one amazing Toolkit for use with either the 
Apprentice or Wizards packages. Highlighted by our 
Runtime Debugger, the finest debugging tool avail- _ 
able anywhere, the Toolkit also includes our Post 
Mortem Debugger, Disassembler, Cross Reference 
utility and Version which keeps track of different 
versions of one progre ur MAKE Utility figures 
out module dependen nd automatically selects 
those affected by code changes to minimize recom- 
pilation and relinking. We also provide source code 
of our major library modules for you to customize— 
or just play with. 


WINDOW PACKAGE $49 


Now you can build true windowing into your 
Modula-2 code. Features virtual screens, color sup- 
port, overlapping windows and a variety of borders. 


ROM PACKAGE AND CROSS 
RUN TIME DEBUGGER 

For those who want to produce rommable code. 
You can even debug code running in ROM from 
your PC. 






Turbo Pascal is a registered trademark of Borland International. 
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$299 








Call for information about our 
- VAX/VMS version, Site License, University _ 
Discounts, Dealer & Distributor pricing. — 


To place an oer call. 
toll-free: : 





ia a 


800-552-8885 
YES! 


I want the spellbinding power 
of LOGITECH Modula-2! 


CL Apprentice Package $99 
DO Wizards Package $199 
XO Magic Toolkit $99 
LC Window Package $49 
CX ROM Pkg/Cross RTD $299 


Add $6.50 for shipping and handling. Calif. residents 
add applicable sales tax. Prices valid in U.S. only. 


Total Enclosed $ 
O VISA 0 MasterCard 0 Check Enclosed 


Card Number Expiration Date 


Signature 

Name 

Address 

City State 


Phone 


B LOGITECH 


LOGITECH, Inc. 
805 Veterans Blvd. Redwood City, CA 94063 
Tel: 415-365-9852 
In Europe: 
LOGITECH SA, Switzerland 
Tel: 41-21-879656 e Telex 458 217 Tech Ch 
In Italy: 
Tel: 39-2-215-5622 








T | don’t like working with 
e others 

PeaceNet is a computer network and communication 
system for people who believe that global planning 
and cooperation are necessary to reverse a trillion-dol- 
lar-per-year arms race; it is linking users throughout 
the United States and in over 70 other countries. 


I’ve got all the information I'll 
eever need 
PeaceNet is for those who appreciate that information 
is always growing and changing; its bulletin boards, 
conterences, and databases provide information about 
everything from Central America to Star Wars. 


3 | love playing phone tag 


@ PeaceNet’s electronic mail system renders those 
endless conversations with secretaries and answering 
machines obsolete. 


| don’t know how to use my 
e computer 
PeaceNet helps novices with simple, entertaining man- 
uals and round-the-clock staff for answering their 
questions. 


5 | enjoy copying, labeling, and 
e stamping letters 

PeaceNet enables you to send messages to hundreds of 
other users with one simple command. 


Ten Reasons 


w new 
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PeaceNe* 
6 


I’ve got plenty of money 
eto waste on postage and 
phone bills 





-PeaceNet is for people who want to save money; it lets 


vou send documents across the world faster than 
Federal Express’ for pennies per page. 


| don’t mind ee action 
ealerts a week late 

PeaceNet does mind and can help your organization 

send out time-urgent alerts instantly. 


| don’t have the right kind of 
e computer equipment 
PeaceNet is available to anyone with a computer termi- 
nal and a modem. 


An effective peace movement 
eisn’t worth 50 cents a day 


PeaceNet users disagree. 


10 It’s all hopeless, anyway 


@ [hen why read this magazine when Modern 
Wrestling would suffice? 












Nearly a thousand people and fifty groups are already 
using PeaceNet, including Beyond War, the National 
Freeze Campaign, and Nuclear Times. If you want to join 
them in an unprecedented international dialogue for 
peace, write or call us today for details. ; 





3 The First Global Computer Network for P. 
x ° puter Network tor Peace 
F PeaceNets 255 or ese Peace 


“How to protect your software 
by letting people copy it? 


By Dick Erett, President of Software Security 





Inventor and 
entrepreneur, 
Dick Erett, 
explains his 
' company’s 

| » view on the 
protection of intellectual 


property. 
A even sophisticated 
software develop- 

ment companies and the 

trade press seem to be miss- 

ing or ignoring is this: 
Software protection must 
be understood to be a 
distinctively different 
concept from that com- 
monly referred to as 
copy protection. 


Fundamentally, software 
protection involves devising 
a method that prevents 
unauthorized use of a 
program, without restricting 
a legitimate user from 
making any number of 
additional copies or prevent- 
ing program operation via 
hard disk or LANs. 

Logic dictates that mag- 
netic media can no more 
protect itself from misuse 
than a padlock can lock itself. 

Software protection must 
reside outside the actual 
storage media. The technique 
can then be made as tamper 
proof as deemed necessary. 
If one is clever enough, 
patent law can be brought 
to bear on the method. 

Software protection is at 
a crossroads and the choices 
are clear. You can give 
product away to a segment 









crucial point that 


Be ae ae 


Hard Disk Installation : Simply copy program disk 
to hard disk using DOS Command - Copy A:*.* C: 


the program diskette as you wish. 


program files. 


BE = 


Program Back-ups : You may make as many copies of 





Data Back-ups : Use normal back-up and restore 
commands, including backing up sub-directories containing 


Networks : This product may be 
rks. Follow the same installation 

an page 102 of this manual. The Block 
‘with the normal operation of any 









Soon all software installation procedures will be as straightforward as this. 
The only difference will be whether you include the option to steal your 


product or not. 


of the market, or take a 
stand against the theft of 
your intellectual property. 


“... giving your software 
away is fine...” 


We strongly believe that 
giving your software away 
is fine, if you make the 
decision to do so. However, 
if the public’s sense of ethics 
is determining company 
policy, then you are no 
longer in control. 


We have patented a device 
that protects your software 
while allowing unlimited 
archival copies and unin- 
hibited use of hard disks and 
LANs. The name of this 
product is The BLOCK™ 

The BLOCK is the only 
patented method we know 
of to protect your investment. 
It answers all the complaints 
of reasonable people con- 
cerning software protection. 


In reality, the only people 
who could object are those 
who would like the option 
of stealing your company’s 
product. 


“(eliminating the ratio- 
nale for copy-busting...”’ 


Since The BLOCK allows 
a user to make unlimited 
archival copies the rationale 
for copy-busting programs 
is eliminated. 

The BLOCK is fully pro- 
tected by federal patent law 
rather than the less effective 
copyright statutes. The law 
clearly prohibits the produc- 
tion of work-alike devices 
to replace The BLOCK. 





The BLOCK attaches to 
any communications port of 
virtually any microcomputer. 
It comes with a unique 
customer product number 
programmed into the circuit. 

The BLOCK 1s transpar- 
ent to any device attached to 
the port. Once it is in place 
users are essentially unaware 
of its presence. The BLOCK 
may be daisy-chained to 
provide security for more 
than one software package. 

Each software developer 
devises their own procedure 
for accessing The BLOCK 
to confirm a legitimate user. 
If it is not present, then the 
program can take appro- 
priate action. 


‘«,. possibilities... 
limited only by your 
imagination...” 


The elegance of The 
BLOCK lies in its simplicity. 
Once you understand the 
principle of The BLOCK, 
hundreds of possibilities will 
manifest themselves, limited 
only by your imagination. 

Your efforts, investments 
and intellectual property 
belong to you, and you have 
an obligation to protect 
them. Let us help you safe- 
guard what’s rightfully yours. 
Call today for our brochure, 
or a demo unit.” 









wtf, 


oftware 


ecurity 
870 High Ridge Road Stamford. Connecticut 


inc. 
06905 


203 329 8870 
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Programmers & 
Developers 


New 
Products! 


Distribute Your Demos with 
No Royalties 


Screen Machine creates interactive demos, 
tutorials, menu systems and DOS shells. In- 
cludes a text screen editor that optionally 
generates source code” and binary or text 
files. Never write code for screen display 
again. Capture any program's text screens for 
editing and your own use. Capture CGA com- 
patible graphics screens for BLOAD or direct 
display. SAVE hundreds of HOURS of work. 





Now there’s no need for separate screen and 
demo software packages and no need to pay 
Outrageous royalties. Priced at only $79.00. 


“Turbo Pascal, Mach 2 for Turbo, Assembler, dBASE II & III, 
BASIC (including The Inside Track and Mach 2). 


Supercharge Turbo Pascal 


Mach 2 for Turbo Pascal adds assembler 
speed to your programs. 90 + subroutines, 
most in assembler, give you speed and func- 
tionality you never knew was possible. No 
knowledge of assembler language required. 


INSTANT displays. INSTANT windows (incl. 

exploding and boxed). FASTEST sort you've 

seen. Read/write files FAST as DOS. IN- 

real menus, 1-2-3 horizontal and vertical 
ar. 


Trap *C /*Break & DOS critical errors so no 
more A)bort, R)etry or !)gnore. Emulate 
BASIC PRINT USING for FAST formatted 
numbers. Execute any prog, batch or DOS 
command without ending program. 


Read environment. Read file directory. 
Get/set file attributes. Plus too many string 
functions to describe here. No royalties when 
you distribute COM programs. All source 
code included. A true bargain at $69.00. 


NOT COPY PROTECTED. 30 Day Money-Back 
Performance Guarantee. Requires IBM/com- 
patible & DOS 2 +. 


Order Now 800-922-3383 


We welcome VISA/MC. COD US only $3. 
S/H US $3, Canada $5, Elsewhere $18. GA 
res. add tax and call 404-973-9272. Demo 
available. Send $5 check. Refunded on direct 
purchase. 


We also publish Stay-Res, Mach 2 for BASIC, 
The Inside Track and Peeks ’n Pokes. 





Listing Twenty-six (Listing continued) 


p =“skipto(! *, Fetr ,.Ese-); 


att tp ) 
tpott = '\O* ; 


fp->smac[0] = rstr[0) ; 
fp->smac(1] = rstr[l) ; 
fp->smac(2]) = '\0'; 


p = skipspace( p, Esc ); 


fp->emac[0] = *p 2 *ptt : '\O! ; 
fp->emac[1} = (*p && *p != ' ') 2 *ptt : "\0' 
fp->emac([2] = '\0'; 


p = skipspace( op, Esc ); /* and then go to following word */ 


fp->left = malloc( MAX _CHARS_ IN FONT + 
strlen(Right_str) + 
strlen(Left_ str) + 2 ); 

if(-) fp=>iett.) 

{ 


err(".df: Not enough memory for width tables\n"); 
return; 
} 


fp->right = cpy( fp->left, Left str 


pit Ls 
fp->widths = cpy( fp->right, Right_str ) + 1; 


memset ( fp->widths, 1, MAX _CHARS_IN FONT ); 


LEC *#p 
{ 
if( !(stream = fopen(p,"rb")) ) 
err(".df...%s, Can't open file\n", p); 
else 
{ 
p = fp->widths; 
i = MAX _CHARS_IN FONT; 


while( fscanf(stream, "$d", p) == 1 && --i >= 0 ) 
DET; 


fclose( stream ); 


/* ao OP Ob OD OP OD OE OP OS Oe 8 NS EE OO SSS SSOSSSESSSSSOS SSDS Ss esesosansesseuzas aw x / 
di(lstr) 
char e1LStEs 
{ 
[* 3 - as -- divert output to macro xx. 
* terminate the diversion with a .di 
* or .da (see) without an argument. 
*/ 
LEC *istr.) 
dcreate( lstr ); 
else 
endiv(); 
} 
/* SS i Oe SOO OS OSS S SESS SO SOS SE SOOO Onan aewa sae ewes * / 
aS(ietr, Frscr) 
char *Letr, “rstr: 
{ 
/* ,Gs xx str -- define string xx to hold the 
* indicated string. If the string 
* exists, it is deleted. See also: .as 
*7 
if( *lstr ) 
screate( lstr, rstr); 
else 
err("Missing string name\n") ; 
} 
/* Sen eet COS Se ee es Be See Se we eee er eee ewes en we wee ese oe ae x / 


dt( num, str, offset) 
char *SEre 
int num, offset; 
{ 
/* dt [+-]N xx Set a diversion trap that will 
* be sprung after N lines have been 
* processed in the current diversion. Only one 
* diversion trap may be active. 


*/ 
if( !Isdiv ) 
{ 
err("No diversion currently active\n"); 
return; 
} 
if( !num || !*str ) /* Clear existing trap */ 
{ 
Divtrap = -1; 


Dtrap name[0] = 0; 


MicroHelp, Inc. 
2220 Carlyle Drive 
Marietta GA 30062 


} 
else if( num >= VERT ) /* Set a diversion trap «/ 
{ 


Dtrap name[(0) = str[0]; 
Dtrap name[1l] = str[1]); 





(continued on page 74) 
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Read what they're saying about this 
popular program for prototyping and 
demo-making: 


“A winner right out of the start- 
ing gate. After you use DEMO 
once, you’ll wonder how you got 
along without it.”’ 

—PC Magazine 


‘Everybody who writes soft- 
ware, either commercially or for 
in-house applications, should 
immediately order a copy. Period. 






They say you can’t be all things to all 
people. But Lifeboat’s ADVANTAGE 
C++ proves that you can be! This 
exciting new product, developed by 
AT&T, represents a major program- 
ming breakthrough. 


ADVANTAGE C+ + 












No exceptions.”’ @ Opens the door to object-oriented 
— Soft: letter programming. 
@ Allows programs with greater resili- 
Product of the Month ence, fewer bugs. 
—PC Tech Journal 


@ Lets you write reliable, reusable code 
that is easier to understand. 





Thousands of developers and most 

of the largest and best known software 
companies are using this program. 
You can, too. Act now! 


NEVoRI A 
wwe 


The perfect companion to the Demo 
Program. The Tutorial helps you learn 
the ins and outs of its basic and ad- 
vanced features. Complete with a 96 
page manual containing step-by-step 
instructions, diskette, and function 
key template. 





To order or obtain a complete 
technical specification sheet call: 


1-800-847-7078 


In NY: 914-332-1875. 
55 South Broadway Tarrytown N.Y. 10591 








object-oriented language, C++ includes: 


complex projects. 





Use 800-number for orders only. 

Questions, special shipping, etc., call 617-332-2240. 
No Purchase Orders. Massachusetts residents add 5% 
sales tax. Outside of the U.S.A., add $15.00. 

Requires 256K IBM PC/Compatible, DOS 2.0 or later. 
Supports Monochrome, Color Graphics, and EGA 
Adapters (text mode only). The Tutorial requires the 
Demo Program. 


Here is what you get for $195: 
The full AT&T v1.1 C++ translator. 






"The C++ Programming Language", the 


by Bjarne Stroustrup, designer of C++. 
Sample programs written in C++. 
Installation guide and documentation. 
30 day money back guarantee. 


ie 
ae 


SOFTWARE 


constructors and destructors, data hiding, and data abstraction. 
means that C++ code is more readable, more reliable and more reusable. 
means faster development, easier maintenance, and the ability to handle more 
C++ is Bell Labs’ answer to Ada and Modula 2. C++ will 


Libraries for stream I/O and complex math. 


definitive 327-page tutorial and description 





Introducing 
The Most Important 


Programming Development 
Since The Introduction Of C... 


ADVANTAGE C++ For MS/PC-DOS, 
Exclusively From LIFEBOAT. 


@ Includes many enhancements to C, 
yet maintains full compatibility with 
existing C programs. 

@ ls the key to developing large and 
sophisticated programs more pro- 
ductively. 

@ Has all the benefits of C, without 
its limitations. 


ADVANTAGE C + + is now available 
for the most popular C compilers, 
Lattice C and Microsoft C. 


Why be limited to just C... when you 
can have all these pluses! 


[IEEKDAAT 


Beil eh OOP E 


The Full-Service Source for Programming Software. 
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FULL AT&T C++ for half the price of our competitors! 


Guidelines announces its port of version 1.1 of AT&T’s C++ translator. As an 


classes, inheritance, member functions, 
‘Object-oriented’ 
And that 


more than pay for itself in saved development time on your next project. 


C++ 


from GUIDELINES for the IBM PC: $195 


Requires IBM PC/XT/AT or compatible with 640K and a hard disk. 
Note: C++ is a translator, and requires the use of Microsoft C 3.0 or later. 


To order: 
send check or money order to: 


GUIDELINES SOFTWARE 
P.O. Box 749 
Orinda, CA 94563 


To order with Visa or MC, 
phone (415) 254-9393. 
(CA residents add 6% tax.) 


GARDEN, INC. 


Dept. D 


P.O. Box 373, Newton Highlands, MA 02161 
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C++ is ported to the PC by Guidelines under license from AT&T. 
Call or write for a free C++ information package. 
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VERSION CONTROL SYSTEM 


TLIB™ keeps ALL versions of your program in ONE 
compact library file, even with hundreds of revisions! 


e Fastest, most powerful version control system you can 


buy. Nothing else comes close! TLIB updates libraries 
faster than some text editors can load and save files. 


e LAN-compatible! Shared libraries with PC Net, Novell, 
etc. Check-in/out locking for multi-programmer projects. 


e Synchronized control of multiple related source files. 
e Easy to use. Menu or DOS command line parmeters. 


e Frugal with disk space. Libraries are more compact than 
with most other version control systems. And TLIB 
uses no temporary files, so you can maintain a 300K 
library On one 360K diskette, with room to spare, even 
with TLIB itself on the same disk. 


e Free al Landon Dyer’s excellent public domain MAKE 
utility (.EXE, plus source code for DOS & VAX/VMS). 


e Plus: File compare utility. Virtually unlimited source file 
size. Date, comments with each version. Configurable 
user interface, and many configurable options, like: read- 
only libraries; automatic tab/blank conversion; insertion 
of revision history comment block in the source file. 


PC/MS-DOS 2.x & 3.x Just $99.95 + $3 s/h Visa/MC 


BURTON SYSTEMS SOFTWARE 
P. O. Box 4156, Cary, NC 27511-4156 


(919) 469-3068 
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function libraries 
disassemblers 
compilers 

text editors 

text filters 


communications support 


text formatters 


Tce Users’ G rOu p 


Library 


bulletin boards 
co-routines 
compiler compilers 


window packages e 
A Directory 
of Public Domain 


games C Source Code 


FIST -iaalel(eie 


tutorials 
math packages 
link editors 
languages 
cross compilers 
pre-processors 
function libraries ' 
the c Users GrouP 
first tte PO Box 97 67460 
cPherson: 
compilers M (316) 241 .1065 


i eae ele 
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ICs PROMPT DELIVERY!!! 


SAME DAY SHIPPING (USUALLY) 
QUANTITY ONE PRICES SHOWN for MAR. 22, 1987 


OUTSIDE OKLAHOMA: NO SALES TAX 


DYNAMIC RAM 
1Mbit 1000Kx1 100ns $30.00 
51258 *256Kx1 100ns 6.95 
4464 64Kx4 150 ns 3.24 
41256 256Kx1 100 ns 3.25 
41256 256Kx1 120 ns 2.59 
41256 256Kx1 150 ns 2.39 
4164 64Kx1 150 ns 1.30 
EPROM 
27512 64Kx8 200ns_ $11.75 
27C256 32kKx8 250 ns 4.95 


$260.00 


27256 32Kx8 250 ns 4.75 
27128 16Kx8 250 ns 3.50 
27C64 8Kx8 150 ns 4.85 


5 Mhz $115.00 


2764 8Kx8 250 ns 

STATIC RAM 
62256 32Kx8 120ns 
6264LP-15 skxs 150ns 


OPEN 61/2 DAYS, 7 am-10 pm: SHIP VIA FED-EX ON SAT. 


SUNDAYS & HOLIDAYS: SHIPMENT OR DELIVERY, VIA U.S. EXPRESS MAIL 


SAT DELIVERY | MasterCard/VISA or UPS CASH COD 

-NcLuDED oN | Factory New, Prime Parts s1Poo 
Receaeae MICROPROCESSORS UNLIMITED, INC. 
: : rae ’ . Peoria Ave., = 

Pr A 4s | aeccs, ox 74a21 (918) 267-4961 
: No minimum order. Piease note that prices are subject to 

change. Shipping & insurance extra, & up to $1 for packing materials. Orders received by 


9 PM CST can usually be delivered the next morning, via Federal Express Standard 
Air @ $6.00, or guaranteed next day Priority One (@ $13.00! All parts guaranteed 
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3.25 


640K MOTHERBD UPGRADE: Zenith 150, 
IBM PC/XT, Compaq Portable & Plus; hp Vectra 


80287-8 8Mhz 


tel yg 
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Listing Twenty-six (Listing continued) 


setnum( &Divtrap , num, offset ); 


else 
err("Passed diversion trap when trap set\n"); 
} 
/* aap Gab en aes ea i ab aw as Sas Ow ae ep ww SS ee a eS em eas es ea ow we ee ws we ww a en ws as on ees ws ee os es es x / 
6éa(- Lstr 5) 
char wUSeErs 
{ 
{*. ae c -- Change escape character from \ 
* to c. Use \ If a is missing. 
“7 
Esc = *lstr ? *lstr : *\\° 
} 
[ *&-------- -- - -- - - - - - - - - - ee ee ee ee ee x / 
el( str) 
char mISGY: 
{ 
/* ,el -=- else clause part of .ie. This command 
* is normally processed as part of the .ie 
* command. If we get here, there is no 
* corresponding .ie statement. 
* 
x This command is not inhibitable 
ey 
err(".el not associated with .ie\n"); 
return 0; 
} 
/* Sea See Oe OO wees OO eS eRe Oe wee ee ewe Se ee wee ae en oo wee x / 
em({ str -) 
char TSC 
{ 
/* .,em XxX == Define xx as the end macro, executed 
* after all output has been processed 
a 


Endm = strsave( str ); 


/* ee em ww wr www we ow wn wn eee x / 
eo (str) 
char *'SUCr> 
{ 
/* .e0 <-=- NOT AN NROFF COMMAND -- 
x 
* Disable the escape mechanism entirely. It 
* can be restored again with a .ec command. 
ey 
Esc = -l ; 
} 
[Fe So kk ee ne oleae an olan wwEinen Dad wcsldwnadwee hes x / 
ev( str ) 
char SEES 
{ 
/* .ev N -~- MODIFIED NROFF COMMAND -- 
x 
= This command pushes various commonly used 
* variables on an environment stack. Nroff 
* Supports several environments and the shell 
* Supports only one. If an argument is present, 
* the current environment is save. If no 
" argument is present, a previously saved 
a environment is popped from the stack. See 
* push env and the definition of the 
x environment strucutre (both in nrmsc.c) 
* for more information. The stack is five 
* environments deep. 
af 
Lf ¢- 2887") 
push _env(); 
else 
pop env(); 
} 
/* Se Om On Oe Oem oe eee ee ew ewe ow www oe on we ee ww ee ee eee eee ewe xf 
ex() 
{ 
/* .ex -- exit back to the operating sytem just. 
* as if input had ended. 
wy 
Quit eo 
} 
fF em a a oe ca sn os Sar eo a st Sa se er ee es eis ee wee x / 
fi( str, dobreak ) 
char *str; 
{ 
PR SEIS ie enable line filling 
x 
if( dobreak ) 
brk() 


(continued on page 78) 
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Our customers wrote this ad: 


“You provide a great service to me 
as a professional programmer. You 
are #] on mylist. Keep up the excel- 
lent work!” 


“Your company is a pleasure to do 
business with.” 


“With the service I have received 
from you, I am sure to look at Pro- 
grammer'’s Connection next time I! 
buy. a3 . 


“It's a pleasure to deal with a com- 
pany that understands the needs of 
the computer professional. Thanks.” 


“Your service and prices are out- 
standing. I'm glad I found you.” 


“I appreciate your professional atti- 
tude. It's refreshing.” 


“Youre the bestin the business! Keep 
it up!” 


“Keep up the good work. I like the 
way you stay up to date.” 


“I appreciate your courteous, reli- 
able service.” 


“This method of purchasing soft- 
ware allows good selection and 
convenience.” 


“Good products and great prices!” 


“Thanks for providing prompt, reli- 
able service and delivery.” 


“I'm extremely happy — just placed 
my 6th order.” 


“As a dealer specializing in pro- 
gramming, I've found that you are 
my best source.” 


“It’s unusual to find acompany that 
offers the best price and the best 
service. Programmer's Connection 
does — keep up the good work!” 


“You have the best prices.” 


“Tl particularly like your pricing 
policy — lower than anyone else 
and no extras for shipping, credit 
cards, etc. Keep up the good work!” 


“If only all the companies I used 
were as good as Programmer's 
Connection!” 


“An oasis in the mail-order desert. 
Keep up the excellent work!” 


“Class “A” performance!” 


“Very pleasant helpful order taker. 
I'm impressed.” 


“You are the FIRST place I go for 
professional software products. 
Thanks! (Especially for your 30-day 
trial service).” 


“Product was out of stock, but 
shipped exactly as I was told it 
would be. Good Job!” 


“Anything you carry, I buy from you. 
You can teach your competition a 
lesson!” 


“You have great service! You have 
the best prices!” 


“Amazing — no problems — I'l be 
back.” 


“There is alot of competition in your 
field, but Programmer's Connection 
is the best!” 


“Probably the best service of any 
well advertised company.” 


“I always recommend you when 
asked where to buy software.” 


“Enjoy dealing with you. Great serv- 
ice, good people. Will continue do- 
Ing so.” 


“The best service for professional 
users in the country.” 


“You have both lowest prices and 
best service —a great combination! 
Keep up the good work.” 


“You guys are SUPER.” 
“Technical staff very helpful.” 


“IT have not found any mail order 
company with such competitive 
prices whose people are as helpful 
and knowledgeable as yours. | truly 
appreciate it and will order more 
from you. Keep up the good job.” 


“Once again, it was a pleasure deal- 
ing with you.” 


“I'm extremely satisfied with all as- 
pects of your operation with which | 
am familiar.” 


“Good service at very good prices. I 
plan to make all purchases from 
you. 33 


“You sell up-to-date products at rea- 
sonable prices and good support.” 


“Thank you for all your courteous 
assistance.” 


“Excellent service. I most definitely 
will be purchasing from you in the 
near future. Keep up the good work.” 


“Impressive service and pricing. I'll 
recommend you to my friends.” 


“Your prices are the best! It's great 
that you pick up the shipping 
charges and charge no sales tax 
(for me anyway). The price I see 
advertised is the price ! pay, period.” 


“GOOD JOB!” 


“Programmer's Connection is really 
outstanding. Good prices, prompt 
shipment, no extra fees. Wonderful 
30day trial.” 


“Best packaging I've ever seen. Your 
people are great! Keep it up.” 


“I referred you to two others be- 
cause they could not get current 
versions from other vendors.” 


“Your service is unusual for purchas- 
ing software.” 


“The person who took my phone 
order seemed to be genuinely eager 
to help me, not just get an order. 
Thanks.” 


“T like having no surcharge on credit 
cards and no shipping charge. 
There is no hidden cost.” 


“Good products + good service + 
good prices + happy customers. 
Keep it up.” 


“Excellent response time.” 





*Comments offered by people responding to our customer service questionnaire. 


Turn the page for our latest advertised price list. 
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ai- arity products 


Arity Combination Package .................000. 1095 
Expert System Development Pkg ............... 295 
Pie interchange Toomit:.:.. ... 5s) 6s vasa tenes. 50 
PROLOG Compiler & Interpreter ............... 650 
Screen: Design Toothit ... cc iyi. G55-Sb pee 50 
SQL Development Package ................... 295 

Arity PROLOG Interpreter ..................00.. 295 

BOE SONG TIOMES 6 dab nais 5 oxo ealeria! eanannes 95 

ai-expert systems 

1st-CLASS by Programs in Motion .........0..0055 495 

Autolntelligence by /ntel/ligenceWare............... 990 

ExpertEDGE Advanced by Human Fdge............. 2500 

ExpertEDGE Professional by Human Fdge........... 5000 

Experteach Il by /nte/ligenceWare..............005 475 

EXSYS Development Software by EXSYS.........05. 395 
Eder ro HUMMING SYSIOM: cio 1c pc's vicliw e > Uae 600 

Insight 1 by Leve/ Five Research ..........0. cece ee 95 

Insight 2+ by Level Five Research.............0065 485 

Intelligence/Compiler /nte/ligenceWare............. 990 

Logic-Line Series 1 by Thunderstone .............. 90 

Logic-Line Series 2 by Thunderstone .............. 125 

Logic-Line Series 3 by Thunderstone .............. 150 

ai- lisp language 

GCLISP Golden Common LISP by Gold Hill .......... 495 

GCLISP 286 Developer by Gold Hill ............... 1190 

IQCLISP dy /ntegral Quality .... 06.0... cee New 300 

IQLISP dy /ntegral Quality .. 2... eee New 270 

Microsoft LISP Common LISP........... 00000005 250 

QNIAL Combines LISP & APL hy WAL Systems ....... 375 

TransLISP from Solution Systems ...... 06.66 ce eee 95 

TransLISP PLUS from Solution Systems ............ 195 

ai- prolog language 

APT Active Prolog Tutor from Solution Systems ....... 65 

LPA microPROLOG A// Varieties...............05. CALL 

MPROLOG Language Primer LOG/CWAARE........... 50 

MPROLOG P500 dy LOGICWARE ................. 495 

MPROLOG P550 by LOGICWARE ................. 220 

Prolog-86 from Solution Systems .........4..0008. 125 

Prolog-86 Plus from Solution Systems ............. 250 

Turbo PROLOG dy Borland Intl... 2... ee 100 

Turbo PROLOG Toolbox dy Borland /nt/............. 100 

ai- smalitalk language 

Satta? V by Dignan... kaw ec eva 99 
Reem, CAIRO od oh sos Vee ax cia eee 49 
COUINES DMUs oss rn dre nas Cee bee 49 
AMMEN COMME soso fo ais coyte Pho ea srinand dads 49 

ali- texas instruments 

PG SONOMRE  hy vas Rowe a eal, ee 95 

Personal Consultant Easy...................000- 495 

Personal: Consultant Plas: ... i. ws ceeds ew ane eee 2950 

Personal Consultant Runtime .................... 95 

apl language 

APPS PE Oy SISG f.0 6k whe als oho odode 595 

APL*PLUS/PC Spreadsheet Mgr by STSC .......... 195 

APL*PLUS/PC Tools Vol 1 by S7SC .............. 295 

APL*PLUS/PC Tools Vol 2 by STSC .............. 85 

Financial/ Statistical Library by S7SC .............. 275 
POGRGT APU OF IDG 0 vine ae ae tek owas Seka 95 
STATGRAPHICS by SISO: icc 5.65 oe siete cts s vee 795 
assembly language 

386 ASM/LINK Cross Asm by Phar lap ............ 495 

8088 Assembler w/Z-80 Translator by 2500 AD...... 100 

ASMLIB Function Library by BC Assoc... . 1.06... 0. 149 

asmTREE 8-7ree Dev System by BC Assoc .......... 395 

Cross Assemblers Various hy 2500 AD ............. CALL 

Microsoft Macro Assembler..................... 150 

Norton Utilities by Peter Worton ............00000. 100 

SCEOORIIIR DE TIS ids el 605.0 5S aes pea 100 

Turbo EDITASM dy Speedware ..............005- 99 

Uniware Cross Assemblers Various hy SDS.......... 295 

Visible Computer: 8088 Software Masters .......... 80 

basic language 

G7 GS Pak by Wauppange 0 os cess nies 69 

87 Software Pak by Hauppauge ..............005. 180 

EXIM Services Toolkit by FXIM .................. 50 

Finally by Komputerwerks ........0. 000 cece cece 99 

Inside Track from Micro Help ... 0... 0c ce ce ee eee 65 

MG 2 OY INICIO OID oa 5 cn nv os ow ed wee 69 
MACH 2 for Turbo BASIC by Micro Help ........ New 69 
Microsoft QuickBASIC Compiler ................. 99 
Peeks ‘n Pokes from MicroHelp .............000. 45 
Professional BASIC by Morgan................... 99 

BOOT Meth Sapnett ... is. 0.6 cnn emedieecdey 50 
QuickPak by Crescent Software .............. New 69 
Scientific Subroutine Library by Peerless ........... 125 
stay-Res by Mictollalp oo 6530 vse vd sde ok ora es 95 

True Basic w/Run-time .............. New Version 245 

TOBE 608. ss So ences Peo New Version 150 
Frei- tN UNG ros Ze oe OR ee Ones 150 

VSTIGUS MIE SOF oars 8p wo ts we a ae es 50 

Turbo BASIC Compiler by Borland Int) ............. 100 

blaise products 

ASYNCH MANAGER Specify C or Pascal ........... 175 

© TOGLS PUR wie coc dcewen \ 3 eee boeees Lt 175 
ERGO FIOgtomn LHMIOE o 6565s 5 Ris ties Chk 95 
LIGHT TOOLS for Datalight C... 2... eee 100 
PASUALDBULS: 5.) ne prea eh fi oe ieee thot 125 
CMBURU HOU e805 Wee oct es soya Fane ee Be 100 
PASCAL TOOLS S TOGUS 2 xe oe Scale bs 175 

RUNDFF fest Fonnahter. ie. 32, 0k ee hi ok ee Ce 50 

TURBO ASYRGN PLUS 8 6656s So ova rece ee 100 

TURBO POWER TOOLS PLUS................... 100 

VIEW MANAGER Specify C or Pascal.............. 275 


borland products 
EUREKA Equation Solar... os 6 S.5.5 0 sco ee. 100 


Reflex & Reflex Workshop ...................... 200 
Reflex Data Base System ..................... 150 
Reflex ‘WorkehGp i. o50 53 cio Oh oe ees 70 
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229 
229 
77 


399 
739 
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CALL 
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469 


379 
739 


115 
139 


CALL 
CALL 
CALL 
CALL 


Sidekick & Traveling Sidekick ...............000. 125 
DIONNE ye ae Lee eae le ec nce dul be Les 85 
CPRTEONE DINGNIOK o2 oer e 08 tc See va ee aaee bo 70 

WORNIROE Sind Cate tas eke oh eb New Version 100 

AMPEG DMEIG COMING! ES. iw. sb cree ears 100 

THO COI Sin in son oo el gee ov ae New 100 

DUrEe UblpnEe TOROR SF ec ck pie vo See ole os 70 

DETOUR TOME sig aie 6 cle cts bo thy see cae ves 70 

Turbo Gameworks Toolbox...................05- 70 

FETE ONT POU ose oe 5 oie a hws ¢ wee Cos 70 

‘Turbo Jumbo Pack Combination Package ....... New 300 

DONE LIRIN een  Aesarga Os 8 14 Sin dvb ew ese 100 

Turbo PASCAL Numerical Methods Toolbox......... 100 

Turke:- PASCAL and Tutor... ck. ewww sceess 125 
TESA oso rectors Se eace cis Ides Hid 100 
MU RI les lk ns ahaha we ea si A 40 

Ture PROLOG Compiler io. 506 6k ga dei wes 100 

Tar0s8 PROLOG TOMNOK cos debs ade ye ds 100 

WOR TWIES Scc. cet eos Batis Os Pees oa og eas 70 

Word Wizard and Turbo Lightning ................ 150 

c++ 

C++ by Guidelines w/version 1.1 kernel ............ 195 

PforCe++ Function Library hy Phoenix.......... Sale 395 


c compilers 


68000/10/20 Cross Compiler by SOS ............. 595 

C86PLUS by Computer Innovations................ 497 

Datalight C Compiler Sma// Mode/ ................ 60 

Datalight Developer Kit ........................ 99 

Datalight Optimum-C .............. 5... 0. eee 139 

DeSmet C w/Dehugger & Large Case .............. 209 

DeSmet C w/Debugger Only... 2.0... cece eee 159 

Eco-C Development System by Ecosoft ............. 125 

Lattice C Compiler from Lattice .................. 500 

Mark Williams Let's C Combo Pack............... 125 
EWE CUMIN Li 4 >. kis 6 ve tae bk Dk s 75 
esd Source Level Debugger.............000000. 75 

Microsoft C with CodeView ..........0.0.c0euee 450 

Turbo C Compiler by Borland Int/ ............. New 100 

c interpreters 

C-terp by Gimpel, Specify compiler .............4.. 300 

C Trainer with Book by Catalytix............00.05. 122 

Instant C by Rational Systems... ........ 0000 ee eee 500 

Introducing C by Computer Innovations ............. 125 

Run/C by Age of Reason ........ 0... cece cece eee 120 

Run/C Professional by Age of Reason ............. 250 

c utilities 

C to dBase by Computer Innovations ............... 150 

c-tree & r-tree Combo dy FairCom ..............4. 650 
c-tree /SAM File Manager .............00c00ee 395 
r-tree Report Generator «01... cece eee 295 

OS: WN EF SINC ood he nile des Wo RS 100 

Cee ISOOEE pina csk ante nals dhe a ea Be ba a 50 

Cl ROMPac by Computer Innovations .............. 195 

dBx dBase to C Translator by Desktop Al............ 350 

with Library Source Code ...... 2... 2.0. cee e vues 550 
Various Support Utilities oo. cece cee ee CALL 

ENCMIMOU A TONUEIS 6 6g oiyy ocd baa ek oT Ge Eas CALL 

Flash-up Windows hy Software Bottling ............ 90 

GraphiC Co/or version by Sci Endeavors............. 350 

GraphiC Mono version by Sci Endeavors ............ 280 

GRACO CUOOEON cos pages es ase nc eet 175 

HALO Graphics by Media Cybernetics .............. 300 

HALO Development Pkg for Microsoft.............. 595 

The HAMMER by OFS Systems ...............005 195 

PANEL Forms Management by Roundhill............ 295 

PANEL Plus by Roundhill ..............0005. New 495 

PC Lint by Gimpel Software ..........0. 0. eevee 139 

PLOT Gy SHHpsOn 6 eG cee Spd skews kes 175 

PLUPCLE BY DURING Lc =. Os all's inc iwics wooo tn 175 

Professional C Windows by Washburn ......... New 89 

Scientific Subroutine Library by Peerless ........... 175 

screpnplay for € By FROXUS oF 3 oa coc cee cute nue’ 175 

Vitamin C by Creative Programming ............... 225 
VC Screen Forms Designer... .......0 0000 cece 100 

Zview by Data Mgmt Consultants ...... Special Offer 245 

cobol language 

COBGtepi by Flgxus 2 om. es Sais Feces New 395 

EASY SCREEN hy Retail Mgmt Systems ........ New 225 

FPLIB for Realia COBOL by BC Associates....... New 149 

Micro Focus COBOL See Micro Focus Section ....... 

Microsoft COBOL See Microsoft Section............ 

CUO GOR ccs a, ends as no's Wks Bs ee 995 
RNR nn ke Wes ne Us a Das ee 995 
SSRMIMNINS <3 x eich | hvac a nee oak Gate os New 150 

RM/COBOL by Ayan-McFarland .............0.04% 950 

RM/COBOL 85 by Ayan-McFarland ............... 1250 

screenplay for COBOL by Flexus ........ 0.000 ccues 175 

debuggers & profilers 

386 DEBUG Cross Debugger by Pharlap ........... 195 

Advanced Trace-86 by Morgan Computing .......... 175 

Cl Probe by Computer Innovations ................ 225 

Codesifter Profiler by David Smith................. 119 

Codesmith-86 by Visua/Age...............22000- 145 

OSUST by Soft Advances. 2... sk sie ecaes 125 

WPAN BY AWOR. o55 Sho cide ase tac dnbece 395 

Periscope | with Board by Periscope ............... 345 

Periscope Il with WM/ Breakout Switch ............. 175 

Periscope II-X Software only .................... 145 

Periscope Ill w/Advanced Board ............. New 995 

The PROFILER with Source Code by DWB........... 125 

The WATCHER Profiler by Stony Brook............. 60 

dos utilities 

Command Plus by FSP Software .............. New 80 

FANSI-CONSOLE by Hersey Micro................ 75 

MKS Toolkit with vi Editor by MKS ................ 139 

Norton Commander by Peter Norton ............... 75 

Scroll & Recall by Opt-Tech Data................. 69 

Taskview by Sunny Hill Software ................. 80 


329 
199 
129 


783 


119 
639 
895 
129 





essential products 
Special Offers Available. Call for Details. 


C Essentials by Fssential Software .............00. 100 
OC SION Lr SS eich Pew Res 5a sea a ee ee ee 185 
Essential Comm Library with Debugger ............. 250 
Essential Comm Library Software Only ........... 185 
Breakout Debugger Any /anguage............... 125 
Esoeetial Ginpeia va.) of. ae Ds x es ee See 250 


forth language 


CFORTH Wative Code Compiler by LM/ ............. 
Forth/83 Metacompiler Specify Jarget............. 
PC/Forth by Laboratory Microsystems. ............. 150 


PC/Forth+ by Laboratory Microsystems ............ 250 
Advanced Color Graphics Support .............. 100 
Enhanced Graphics Support................... 200 
SPRY UNONT ies cus Sop hide res 100 
Interactive Symbolic Debugger................. 100 
Native Code Optimizer.....................0.. 200 
Software Floating Point...................... 100 

RE GE OIE Sok Retees sue i x i esas wae) BR 350 
Object Module Libraries...................... 500 
source Cede Uibsise c.5,... cans bh ee 1500 


fortran language 


50 MORE: FORTRAN by Peerless Engr............. 125 
ACS Time Series A/pha Computer Service........... 


Essential Graphics by Fssential Software ........... 250 
For-Winds A/pha Computer Service..............-- 90 
Forlib-Plus Alpha Computer Service .............4. 70 
FEV Ale OY DUGSONE © & 5 es ake 0 OES be on 125 
FORTRAN Addendum dy /mpulse Engr ............. 95 
FORTRAN Addenda by /mpulse Engr............... 165 
GRAFLIG By SO ESO. pied oon oe bad 2 ee darn 175 
HALO by Media Cybernetics ..........0. 0.0220 ee 300 
1/0 PRO by MEF Environmental ...............44. 149 
Microcompatibles Combo Package................ 240 
NG SF ore aeee Ts hee ata webs ae es 138 
| Te OA a ree 135 
Microsoft FORTRAN w/CodeView ................ 450 
No Limit by MEF Environmental...............644. 129 
Numerical Analyst by MAGUS................ New 295 
PANEL hy Roundhill Computer Systems... .......... 295 
PRG te IRENE oe orcierecen is Ses awe Wings wes 175 
PROVE Op SinretOles tn Seo, UNG vices aces se’ 175 
RM/FORTRAN Ayan-McFarland .................. 595 
RTC PLUS Fortran to C by Cobalt Blue ......... New 325 
Scientific Subroutine Lib by Peerless .............. 175 
Statistician A/pha Computer Service ............... 295 
Statlib.GL: by PS//Systems..............005. New 295 
State, lors OY Por/SVSTOMS «oo. oa een eke New 295 
Strings & Things A/pha Computer Service ........... 70 
greenleaf products 
Greenleaf Comm Library ....................... 185 
Greenleaf Data Windows ....................... 225 
WH AOMER CONN, 5 ots. x sins wn cb os oo hd ee 450 
Granwlenl-FORCUOUS sx fk eee Sk Ca cove ice ds 185 
help utilities 
HELP GMO iy MS ood. pack ee ees 125 
On-line Help from Opt-Tech ........... New Version 149 
SoftScreen/HELP dy Dialectic Systems ............ 195 
lattice products 
Lattice C Compiler from Lattice .... 2.2... ee 500 
with Library Source Code ......... 000 c cee cueee 900 
C Cross Reference Generator.................... 50 
WER SOCAL ONB 53d Se. 25.2244 vind Sh oo 5 H's By 200 
C-Food Smorgasbord Function Library............5 150 
WAP SOUT DONE see 6 50h teak oa 300 
C-Sprite Source Level Debugger .... 0.0... cece eee 75 
Curses Screen Manager .............0.00ceeueee 125 
WHE SOUND CODE. 2 cain ois nai OSS ee Cho eR 250 
dBC Il Specify dBC Il or OBC I... ccs 250 
WR SOUS BOE eee keine Cals: ew 5 ode apne 500 
ire TR in bon Ae Magis, bleed New 750 
WHE SMTA DOOR 55 ks. Blea te cea oe New 1500 
ROT NRO UN Se ns, eke abe won Jon a kis 195 
RPG || Combo A/ three items below............... 1100 
RPG Ii Compiler Wo Aoyalties...............4.0. 750 
RPG Il SEU Screen Entry Utility ................ 250 
RPG JE Sorte Mirae on ik es ve ee dws 250 
RPG Il Screen Design Aid Utility ................. 350 
SecretDisk Fi/e Encryption Utility ............0000 120 
SideTalk Resident Communications ................ 120 
SSP/PC Scientific Subroutine library .............. 350 
Text Management Utilities ...................... 120 
TopView Toolbasket Function Library ...........4.. 250 
Wie OO LONG 5.2 1956 5h, Ua ok Sea hiss 500 


metagraphics products 


LightWINDOWS/C for Datalight C............ New 95 
MetaWINDOWS Wo Royalties ........... 0.000 0n, 185 
WOMUNESEIE OS Sere os Tce cise + bn SAS ws Hee 80 
SCR NE ss ic oo aise os ate bine um Shs 235 
OT ITTR ois ecg teh up's wate gk a onnt See 235 
TurboWINDOW Graphics/Windows for Turbo Pascal... 80 


micro focus products 


Micro Focus COBOL Workbench ................. 4000 
Micro Focus Level I} COBOL ........ Special Pricing 1500 
PS WE 6 os ci nave Sk core to 250 
IE oo ace iw dikes sad aches asl or dees 200 
IE ce ee ae oss Owe oh pa eee 300 
EON it MONON as Be cos inchs Aedes as 895 
Level.i SOURCEWRITER ........ o. vndscance 995 


Micro Focus Professional COBOL ................ 3000 
Multi-user Runtime for PC Network.............. 590 

microport products 

System V/ AT by Microport Systems ..... New Version 549 
Runtime System (Operating System) ............. 199 
Software Development System................. 249 
Text Preparation System ..................... 199 

User Upgrade 3 to Unlimited Users................ 249 


3379 
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769 
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475 
189 
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microsoft products 


Microsoft BASIC Interpreter for XEW/X............. 350 
Microsoft C with CodeView ............0 0c ce eee 450 
Microsoft COBOL w/COBOL Tools ...... New Version 1700 

Ro, ters elas Om Kglnle wale ee ag 995 
Microsoft FORTRAN w/CodeView ................ 450 

Se. cerns oe as b ewe stew es 695 
MRIGTOSONT LODTWIND TOG Sasi es ecw e ence ree 50 
Microsoft LISP Common LISP ............0 0000 e ee 250 
Microsoft MACH 10 w/Mouse & Windows .......... 549 
Microsoft MACH 10 Board only .............0005- 399 
Microsoft Macro Assembler..................-.. 150 
Microsoft Mouse Bus Version...............00085 175 
Microsoft Mouse Seria/ Version .............00005 195 
Microsoft muMath /nc/udes muSIMP............... 300 
Microsoft Pascal Compiler..................008: 300 

SN 2 Wee ce rath an did Gaede denahce 695 
Microsoft QuickBASIC Compiler ................. 99 
ee dis are wat as eee wee ENA? 195 
Microsoft Windows .................0ee eee eeee 99 
Microsoft Windows Development Kit .............. 500 


modula-2 language 


lOTools by Rhodes Associates ......-.--.0+55 New 80 
GAN SOUES COE decisis wane od os 20 2 Os New 950 
MODULA-2 Apprentice Pkg by LOGITECH...... New 99 
MODULA-2 Magic Pkg by LOGITECH ......... New 99 
MODULA-2 ROM Pkg & Cross RT Debugger .... Wew 299 
MODULA-2 Window Pkg by LOGITECH........ New 49 
MODULA-2 Wizard's Pkg by LOGITECH ....... New 199 
REPERTOIRE for MODULA-2 by PMI/...........445- 89 
TR GeE CGN CI: «in Wie 90 ons eevee eee a'atee snes 19 
mouse products 
LOGIMOUSE BUS with PLUS Pkg by LOGITECH ...... 119 
WHALES EFC PHMBIOD occas ons deo one as 169 
with PLUS & CAD Software .........0-0000000 189 
WN PLUS LAD BPO wise oie = wsknainn Ses Ss 219 
LOGIMOUSE C7 with PLUS Pkg, Specify Connector... . 119 
with PLUS & PC Paintbrush .....0.0cceceeeeees 169 
with PLUS & CAD Software .........0-00 0005 189 
with PLUS.& CAD & Paint ...'. 0.6... wvveveses 219 
other languages 
CCS MUMPS Single-User by MGlobal ............. 60 
CCS MUMPS Single-User/Multi-Tasking ........... 150 
COS UMPS Maui sel 5. dic nas cineca scscnes 450 
Janus/ADA C Pak by A&A Software..........6005. 95 
Janus/ADA D Pak by R&A Software..............- 900 
Janus/ADA ED Pak by R&A Software.......... New 395 
Marshal Pascal by Marshal Language Systems ... New 189 
Personal REXX by Mansfield Software ............. 125 
SRUBOLA+ Dy COON 6 cisco ie eae ie tees: 95 
other products 
Dan Bricklin's Demo Pgm Software Garden.......... 75 
Dan Bricklin's Demo Tutorial .............. New 50 
Disk Optimizer by Softlogic Systems ........... New 60 
FASTBACK by 5th Generation Systems..........+++ 179 
Instant Replay by Wostradamus .........-00+0 eee 90 
Net-Tools by BC Associates ........-0-0e0 ee New 149 
OPT-Tech Sort by Opt-Tech Data Proc ..........5-. 149 
Screen Machine by MicroHelp ............++-- New 79 
VTEK erm Emulator by Sci Endeavors ..........++- 150 
phoenix products 
Pasm86 Macro Assembler Version 2.0 .......++04065 195 
Pdisk Hard Disk & Backup Utility... 2.6.6.0 20 eee es 145 
Pfantasy Pac Phoenix Combo .......++++++0 Sale 1295 
Pfinish Execution Profiler... 1.6.6. c cece eee Sale 395 
Pfix86plus Symbolic Debugger .........+++00% Sale 395 
PforCe Comprehensive C Library .........++++- Sale 395 
PforCe++ Library for Guidelines C++.......... Sale 395 
Plink86plus Overlay Linker .........+00e eee Sale 495 
Pmaker Make Utility... 0.0.0. c.cccccsvecnvevens 125 
Pmate Macro Text Editor «0.0.0.0. c cere esecscnees 195 
Pra-S HAEGIIN, 350 8 ce Pee sn or case antes 295 
Ptel Binary File Transfer Program .......++0eee0ees 195 
polytron products 
PolyBoost 7he Software Accelerator .......+++++++5 80 
PolyLibrarian Library Manager ........22222+00 00s 99 
PolyLibrarian Il Library Manager .....--+-++++++++- 149 
PolyMake UMIX-like Make Facility... .....++++0000s 149 
PobyShell ngs cd cco iews sawn meet cose ce naunes 149 
Polytron C Beautifier ............0--- seer eee 50 
Polytron C Library! ..... 2.6... ee eee ee ee eee 99 
Polytron PowerCom Communications .......++++++. 139 
PolyWindows Products A// Varieties ......-----+++ CALL 
PolyXREF Complete Cross Ref Utility .......+++00++ 219 
PolyXREF One /anguage only ........++0++5e eens 129 
PVCS Corporate Version Control System......-- New 395 
PUGS POLION, chica ste cme cnpresseetes New 149 
program mgmt utilities 
Compact Source Print by A/debaran ............++- 55 
Interactive EASYFLOW dy Haventree .............-- 150 
PrintO by Software Directions .........000eee evens 89 
Quilt Computing Combo Package ..........------- 199 
QMake Program Rebuild Utility ..... 6.6.0 ee eee ee re 
SRMS Software Revision Mgmt Sys ..........-+- 125 
Source Print by A/debaran Labs ..........-++++++: 75 
TLIB by Burton Systems Software ......-.0+20eeees 100 
Tree Diagrammer by A/debaran Labs ........---+++ 55 





98 
134 
153 
179 


134 
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179 


49 
129 
359 


769 
CALL 
155 


79 


raima products 


dbQUERY Single-User Query Utility... 1... eee 195 
Single-User with Source Code .........ee scenes 495 
PTAIS OE su Gi Gin, Aw Chin Hiv Ware 2°. tad’ Wen he 495 
Multi-User with Source Code ..... 00. cu ceveeuee 990 

dbVISTA Single-Usor DBMS oom. is oie ee ewe 195 
Single-User with Source Code .........0e eevee 495 
IEEE «5 2 ouside GG ca wwe Peaepn.cet ee 495 
Multi-User with Source Code ........ 00 ceeaees 990 


sco products 


Complete XENIX System V by SCO................ 1295 
Development System ............ 0.000 eee eeee 595 
Operating System Specify XT or AT... 1... eee ee 595 
Text Premesemny Package... ..ci tence cee wns 195 

Networks for XENIX by SCO .... 1... cece eee 595 

SCO Professional Lotus clone for XEMIX .........465 795 


softcraft products 


Btrieve /SAM Mgr with No Royalties ..........+.4+. 245 
ROU CNS CUT. oii -0 Fs ee 9 es WN 8S we 245 
Report Option for Xtrieve ........... 0... cee ee 145 

Btrieve/N for Networks 2.0... cece eee 595 
TRNO cox 5 Seba drama ton eee a nate vine reba 595 
Report Option/N for Xtrieve/N ..... 0... eee eee 345 


129 
389 
389 


129 
389 
389 
799 


994 
499 
499 
144 
495 
595 


184 
184 


454 
454 
269 


solution systems products 


APY Active Fraley Tel os’. a hese wakes 65 
Bridt RGiiratl COMM sa. cb edie dee ccetvesesces 250 

Brief Programmer's Text Editor... 0... 0.00 eee eee 195 

dBrief Customizes Brief for dBase Ill ............. 95 
C-Setecientol vs. 666.5% Sars Pade vio as one jes Sa 75 
PUES foie bcd eh ee wWeee tawes oko ses a4 5% 95 
ON Ee, iickGisceticines Caters rh webt shores 95 
TORPOD mesa scae bene uane reads byes ee sXe on 125 
POTD cece ds edakesadedoe essence ses <a5 250 
I MOUS 6 ian sv cwsaime das + wtim ee ae al te 125 

WP SOUEE COUR: « .% xe ci ww Roddie sores ss 250 
SCRMCUT REE f: «2 cn ke St ho cie de nite wee Rp ES eed te 95 
TEREST PRUES ons nw vie ewe dca whe tewsaaws mame 195 
ZAP COMMIURICATIONS. oro.cx. 5 <2 16 bo 0 0 sto) oe Sore ei es on a 95 


text editors 


Brief from Solution Systems ....... 0.0 cece eee eee 195 
Epsilon Fmacs-like editor by Lugaru.........0++005- 195 
KEDIT by Mansfield Software ........ 06.0 e eee eee 125 
Micro/SPF by Phaser Systems... 1.06.00 00 eee eee 175 
PC/VI by Custom Software Systems .........+.045- 149 
SPF/PC by Command Technology Corp... New Version 245 
ee be CIV 55, 55 at pwede Fae aee 150 
Vedit Plus by CompuView ...... 00.0 0c cece ee eee 185 


turbo pascal utilities 


ALICE /nterpreter by Software Channels ........++++- 95 
DOS/BIOS & Mouse Tools by Quinn-Curtis...... New 75 
Flash-up Windows by Software Bottling .........+-- 90 
MACH 2 for Turbo Pascal by Micro Help ........ New 69 
MetraByte D/A Tools by Quinn-Curtis.......... New 100 
Science & Engrg Tools by Quinn-Curtis......... New 75 
Screen Sculptor by Software Bottling ........++.++5 125 
screenplay for Turbo Pascal by Flexus.........+++++- 100 
Speed Screen by Software Bottling..........+++065 35 
System Builder by Royal American ...........+-55 100 
PEN Query Ulility” o's. ova d oss. ia eos ee een cs 75 
Pee eee ee 75 
TDebugPLUS dy TurboPower Software ...........-. 60 
Turbo EXTENDER by 7urboPower Software.......... 85 
Turbo Professional by Sunny Hill ........-.6-0 005 70 
TureeHALD from-to. hc ccc cece ccs cares 129 
TurboPower Utilities by 7urboPower...........+.+-- 95 
TurboRef by Gracon Services .......+-+0eeeeenees 50 
TURBOsmith Visua/ Age Debugger ..... Special Price 69 


wendin products 


Operating System Toolbox ............ Rebate Offer 99 
PCNX Operating system ..........5055 Rebate Offer 99 
PCVMS Similar to VAX/VMS .......... Rebate Offer 99 
XTC Jext Editor w/Pascal source ...... Rebate Offer 99 


xenix/ unix products 


Btrieve /SAM File Mgr by SoftCraft ............+45: 595 
C-terp by Gimpel, Specify compiler .........++.4+5+ 498 
c-tree /SAM Mor by FairCom ........6 6002 even eee 395 
dbVISTA See Raima Section. ... 0.0.0. e cece ee enes 
dBx with Library Source by Desktop Al...........-++: 550 
DOSIX Console Version by Data Basics ........-+.++- 399 
DOSIX User Version by Data Basics ....... ++ 02000 199 
Micro Focus Level I! Compact COBOL ............. 1000 
Ee ers ee ee 400 
RN Ol REIT 6 os piv soe Oop ane sce oer 600 


Microport Products See Microport Section ........-- 
Microsoft Products See Microsoft Section........... 


PANEL Plus by Roundhill Computer Systems ..... New CALL 
REAL-TOOLS Binary Version by PCT .........-+-+++: 149 
Library Source Version .......0++0eeeeeeeeeees 399 
Complete Source Version .......+..+0+0eeeeees 499 
RM/COBOL by Ayan-McFarland ........-.-+6+0055 1250 
RM/FORTRAN by Ryan-McFarland...........-.++: 750 


SCO Products See SCO:S@CHON «5 isis vo.c eens wee es 
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LOWEST PRICES 

Due to printing lead times, some of our current 
prices may differ from those shown here. Call for 
latest pricing. 


FREE SHIPPING 

Orders within the USA (including Alaska & Hawaii) 
are shipped FREE via UPS. Express shipping is 
available at the shipping carrier's standard rate 
with no rush fees or handling charges. To avoid 
delays when ordering by mail, please call first to 
determine the exact cost of express shipping. 


CREDIT CARDS 

VISA and MasterCard are accepted at no extra 
cost. Your card is charged when your order is 
shipped. Mail orders please include credit card 
expiration date and telephone number. 


CODs AND POs 

CODs and Purchase Orders are accepted at no 
extra cost. POs with net 30-day terms are available 
to qualified US accounts only. 


FOREIGN ORDERS 

Shipping charges for foreign and Canadian orders 
are based on the shipping carrier's standard rate. 
Since rates vary between carriers, please call or 
write for the exact cost. Foreign orders (except 
Canada), please include an additional $10 for 
customs form preparation. All payments must be 
made with US funds drawn on a US bank. Please 
include your telephone number when ordering by 
mail. Due to government regulations, we cannot 
ship to all countries. 


VOLUME ORDERS 
Volume orders may qualify for additional discounts. 
Call us for special pricing. 


SOUND ADVICE 

Our knowledgeable technical staff can answer 
technical questions, assist in comparing products 
and send you detailed product information tailored 
to your needs. 


30-DAY GUARANTEE 

Most of our products (excluding books) come with 
a 30-day documentation evaluation period or a 
30-day return guarantee. Please note that some 
manufacturers restrict us from offering guarantees 
on their products. Call for more information. 


MAIL ORDERS 

Please include your telephone number on all mail 
orders. Be sure to specify computer, operating 
system and any applicable compiler or hardware 
interface(s). Send mail orders to: 


Programmer's Connection 
136 Sunnyside Street 
Hartville, OH 44632 


CALL TOLL FREE 


US ihacd ict pes See 800-336-1166 
CANN ctis. vs us 'b 5 tne 800-225-1166 
OHIO & ALASKA 

(Can Colts} i's os .e se % 216-877-3781 
EERE St. oes ee Oe ee 9102406879 
PUREIGNS fo 3 p05 5 ose Shins 216-877-3781 
CUSTOMER SERVICE...... 216-877-1110 


Hours: Weekdays 8:30 AM to 8:00 PM EST. 


Ohio customers add 6% state sales tax. 
Prices are subject to change without notice. 
Copyright Programmer's Connection, Inc., 1987. 





the dBx™ translator 


dBx produces quality C direct 
from dBASE II or II] programs. 


Move dBASE programs to UNIX or other machines. 
Improve program speed and reliability. 
Support multi-user/network applications. 


With power guidebook of conversion hints. 


Includes full screen handler and uses your 
current C database manager. 


May be used to move existing programs or help 
GBASE programmers learn C easily. 


For MSDOS, PCDOS, UNIX, XENIX. Macintosh, AMIGA. 
(Uses ANSI.SYS driver on MSDOS, CURSES under UNIX) 


Priced from $350. also available from distributors. 


dBx is a trademark of Desktop Ai 


1720 Post Road E., Westport, CT 06880 MCIMAIL + DESKTOPAI 
Phone « 203-255 +3400 Telex « 6502972226MCI 
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THE LINK WILL TAKE 
ABOUT 15 MIN.... 


The SLR SuperLinker Plus is 3 - 10 times 
faster than any other linker, and look at 


these features: 
e link a full 64K output (COM, HEX, SPR or PRL) 
e works with Microsoft, Fortran, Basic, Cobol 
¢ supports 32 character externals (SLR format) 
e full drive/user support with alternate DU search 
© supports 8 address spaces 
e fill uninitialized spaces with O or FF 
© global cross reference 
° DSD80/SID compatible SYM file 195 
@ manual overlays G 
8 


load map 
requires Z80 CP/M 2.2 or greater 32K TPA 


—_____SLR_Systems 


1622 N. Main St., Butler, PA 16001 
(800) 833-3061 (412) 282-0864 
Telex 559215 SLRSYS 
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Listing Twenty-six (Listing continued) 


FILL = 1; 
} 
[ 8& eon -- -- - - - - */ 
Eu (S25) 
char *str; 
{ 
/* .ft F -- Change font to F at the 
* beginning of the next 
* input text line. Font changes can also be 
* imbedded with a \fF escape sequence. Note that 
* if font F doesn't exist, the error won't be 
* flagged until the output routines try to process 
* the font change request. F may be a number that 
* was fetched from the \n(.f number register at 
* some earlier time. .ft 0 is the same as .ft R. 
x 
/ 


chgfont( *str ); 


/* Eb OEP GP OED CUED OREN OD ND OS SWS SCSOWSSS SWOSESS SERS OES ee Eweoewewss x / 
hd( num, str, offset, dobreak, tail ) 
char *str; 
char *tail; 
{ 
/* .nd <left str> N <right str> -- NOT NROFF --- 


* 
* 
* Define strings to send printer cursor left or 
* right by 1/N spaces. The width of a space is 
* taken from the currently active font width 
* table. It will be 1 in the default, non- 
* proportionally spaced font. N determines the 
* minimum resolution for the space between 
* characters in proportional spacing mode. 
x 

/ 


static char lstr[81]; 
static char rstr[81]; 


strncpy( lstr, str , 80-); lstr[80] = 0; 
strncpy( rstr, tail, 80 ); rstr[(80] = 0; 


Left_str = lstr; 
Right_str = rstr; 


Hs_amt = num; 
} 
ila sae cia aT ya gh il cn eed cae ella lee ts hy aad esthetics x / 
hy( num ) 

is -hy ([N] -- MODIFIED NROFF COMMAND -- 

a Enable hyphenation. N is ignored. 


Hyphenate = 1; 


[ Rewer ww nw no ow wr nn ww wr we ee ee wn ww ew ee ew ow eo ee * / 
10¢ Letz, rstx ) 
char *Estr,- *rstr: 
{ 
/* .id on off -- NOT AN NROFF COMMAND --- 
x 
* Send “on" to the printer to put it into italics 
* (underline) mode, rstr to take it out. Maximum 
* length of either string is 80 characters. Use 
* \x<two hex digits> to send a control character. 
af 


static char on[(81], off[81] 
on(80] = of f[80] = 0; 


strncpy({ on, tlstr, 80°); 
strncpy( off, rstr, 80 ); 


Vl_on =on; 
Vl_off = off; 


fF a wa tr aa ta ct ea is cs eh a eg ih ta 0 ai sab ees msi ads wh heer ems eis a nes x / 
doif( expr, action ) 
char *expr, *action; 
{ 
/* Test an expression and do an if statement (or 


* 
* the if part of a .ie. Set Inhibit as appropriate. 
* Modify Inhibit to reflect the expression. 

* We call process if input is inhibited in order 

* to handle nested if's and blocks. Return 1 if 

* input was not inhibited and we executed the 
ee otherwise return 0. 
* 


int rval = 0; 
if( !Inhibit ) 
{ 


if( startexpr(expr) ) 
Inhibit = ! (int) parse( éexpr ); 


else if( *expr == 'e' ) 


(continued on page 80) 
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WM ONaaonisatT 
Development Tools 


OnThe Planet DOS. 


UNIFY DBMS/DOS.The UNIX World Leader 
Brings A New DimensionTo DOS Application Development. 


What happens as the DOS world expands? As a 
new generation of hardware takes over? As networking 
becomes more important? The potential is enormous. 
But until now, the tools to achieve it have been limited. 

Now a leader from another world unleashes that 
potential: UNIFY® DBMS. The leading relational 
DBMS in the UNIX™ world. And now, the most 
advanced set of application development tools in the 
DOS world. 

With UNIFY DBMS, DOS developers have new 
power to build more sophisticated applications than ever 
before possible. 

The power to write high performance “C” 
programs that will access the data base, using 
Unify’s Direct Host Language Interface. 

The power of an industry standard 
query language—SQL. 

The power of unmatched speed in pro- 
duction applications. Only UNIFY DBMS is 
specifically engineered for transaction through- 
put. With unique performance features like 
PathFinder™ Architecture multiple access meth- 
ods, for the fastest possible data base access. 


The power of comprehensive pro- 
gram development and screen man- 
agement tools. Plus a state- 
of-the-art fourth generation 
report-writer. 


What’s more, with UNIFY ~ 2 . 


DBMS, the potential of networked 

applications becomes a reality. Unlike 

DBMS systems which were originally 
single-user (and which have along stretch “™ 
to accommodate more users), UNIFY DBMS 

is a proven multi-user system. 

And because UNIFY DBMS/DOS is 
the best of two worlds, it offers you the most 
powerful benefit of all: DBMS applications that 
can grow as your needs grow. From single user 
DOS. To networked DOS. To multi-user UNIX. 
All without changing your applications. 


Call the Unify Information Hotline 
for our free booklet: The NewDOS World. 


(503) 635-7777 


UNIFY 


CORPORATION 


4000 Kruse Way Place 
Lake Oswego, OR 97034 


© 1986 Unify Corporation. UNIX™ is a trademark of AT&T Bell Laboratories. 
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USA 


© CCOMPILER 


Now Available in the U.S.A. 





Features: L085 compilers ee IST 
* Smallest code ailable 











r 
- 





Order from: SOFTFOCUS 
1343 Stanbury Drive, Oakville 





from ANY compiler. 
librarian, debugger included. 

* Can produce ROM code. 

* Excellent diagnostics. 

AND MUCH MORE - 

PRODUCTION-QUALITY rrr 

COMPILER ee NY 

ONTARIO Canada L6L2)5 
SOFT ewe JAPAN: AUSTRALIA: 
The leading edge of Software Technology Southern Pacific Ltd. Hi-Tech Software 


x Macro assembler, linker, 

* Full library source. 

THIS 1S A COMPLETE PAS, 

Hi: ELH (416) 825 0903 or (416) 844 2610 
(045) 314 9514 (07) 38 6971 
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A PROGRAMMER’S 
TOOL BOX 


A DP MANAGER’S 
BEST FRIEND 


PURE GENIUS IS NOT ENOUGH 
(YOU STILL NEED THE RIGHT TOOLS) 


@ DESIGN MENUS @ CAPTURE SCREENS 
@ CREATE PROTOTYPES @ CREATE DEMOS 


@ CREATE TUTORIALS @ RUN TIME MODULE 


ENHANCE HIGH LEVEL LANGUAGES WITH FULL 
ACCESS TO ALL CAPABILITIES IN YOUR OWN CODE 


"source code was reduced by one third...” 

“15 minutes to design a sophisticated screen...” 
Scott McCaffrey, Musco of PA 

"In a word, fantastic...” 

”,..1 just returned my copy of Dan Bricklin’s 

Demo Program.” Thomas Emr, Dir. of Marketing - ADP Inc. 


Z 
GENESIS 


Grria SYSTEMS 5403 Jonestown Rd., Harrisburg, PA 17112 
FA (717) 652-1200 
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Listing Twenty-six (Listing continued) 


Inhibit = (PAGE & 1); 


else if( *expr == 'o' ) 
Inhibit = ! (PAGE & 1); 


else 


Inhibit = 1; 
err("Illegal expression\n") ; 
} 


rval = 1; 
} 


process( action, Ifilename, 2, Macv ); 
return rval; 


iff(lstr, rstr) 

char *Lstr, *«“rstrs 

{ 

/* .if condition action 

Simple if statement (doesn't take an else 
clause). The expression parser used to 
evaluate the <condition> is more powerful 
than NROFF's. Multi-line blocks can be 
used by using a .{ as an action. (be sure 
to terminate the block with a .} 


If input is inhibited we want to process 

the tail without modifying the inhibit status 
(in case the tail is a .{ command; otherwise 
we set inhibit based on the value of the 
expression and then process the tail. 


He OR Ry Bm oe oh Fe 


This command is not inhibitable 


/ 


if (: -doitilistr, rstr)-) 
Inhibit = 0 


return 0; 
} 
/* se esis OS I es se ety alc med ic ae as ‘ai es ces Sow cower Ws Uc nip aun ss gm cp eu tas geod Wee cle arog sb coe xf 
char *iselse( str ) 
char *Strs 
{ 
/* Used by ie() (below) returns 0 if str doesn't 


* hold a legal .el command, otherwise returns 
* a pointer to just past the ‘1’. 


af 


if( !'ISCMD( *str++ )) 
return 0; 


while( isspace(*str) ) 


SELrttT; 
return( str(0)=='e' && str[ljJ=='l' ) 2? str+t2 : 0; 
} 
/* a aS me came Sg Tig CS am iin ey Wea Gea ip nis cise Gey im seor aes ss sca a“ Wlscs Temi rsa ul hcp ag ap IS Me Gees bs GR ls "Was ess emer cp x / 
le(lstr, rstr) 
char ‘i str, *rstr; 
{ 
/* .ie condition action -- MODIFIED NROFF COMMAND 
x 
* if part of an if/else. Is only non-standard in 
* that the expression parser is more powerful 
* than NROFF's 
* 
* This command is not inhibitable 
*/ 
static char line [MAXSTR], lnum; 
int did_ something; 
{* Remember the current line number for the 
x sake of the error message printed when we can't 
* find an else clause. 
«/ 


lnum = INLINES ; 


did something = !Inhibit; 
doit (. istr, -ystr-):; 


if( !getline(line, 0, Ismacro? mgetc: fgetc) || ! 
(rstr=iselse(line))) 


/* Complain if the line that should contian 
*-the: Jelvand isn't there: 
a7 


err("Missing .el for .ie on line %d\n", lnum ); 


if( did_something ) 
Inhibit = !Inhibit ; 


(continued on page 82) 
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Data Entry « Menus ¢ Windows °« Prototyping « Database ¢« Toolkit 








& scape 








@ Total Screen Control/Easy to Use @ Bridges to Power 

C-scape is a combination screen generator and library of C-scape includes examples of how to bridge to other 

screen I/O functions. Written for C programmers, C-scape powerful tools such as c-tree and db__VISTA. You'll be in- 

brings a proven approach to the need for an easy-to-learn tegrating demos to dictionaries to file handlers and 

and use, but truly powerful and flexible screen manage- database managers in no time. You can even use C-scape 

ment tool. to provide the screen design for Al applications, using 

C-scape’s kernel is your most powerful ally. Without re- packages that support calls to C. 

quiring parameters you'll never use, it allows you to create 

tailored functions with ease and simplicity. Each key is in- @ Clean, Complete Documentation 

dividually definable. If you know printf(), you can use C-scape’s documentation is a clear example of how to write 

C-scape. C-scape’s kernel provides a veritable screen for programmers in a hurry. A short introduction uses helpful 

design and construction toolkit to rewrite our functions or examples to explain the C-scape design. Each function is 

to write your own. documented separately. An index makes reference easy, and 
a quick-reference card provides a synopsis of each function. 

— Most Powerful Prototyping Available 

C-scape offers a unique approach to prototyping your soft- @ Source Code Included/Portable/No 

ware. You may use Dan Bricklin’s Demo Program to Royalties/No Runtime License 

create, edit, and view your screens (you can even capture Providing source code at no additional cost gives you the 

existing screens from other programs), and then use freedom to modify existing functions without raising cost as 

C-scapes’s demo2c utility to convert each screen to code. a barrier. The source code includes all the low level 

You can design each screen with attributes such as colors, routines you might need to port C-scape to an unsupported 

menu selections, data entry fields (including type, valida- machine or compiler. Speaking of barriers, you pay no 

tion, and field naming), masking, and text, and then royalties or runtime license fees, either. 


automatically convert the entire screen to code. 


@ Toll Free Support and Bulletin Board 


@ Powerful Function Library To make your job even easier, we provide technical sup- 
Use C-scape’s functions for Lotus-like, pull-down, or your port (toll free), and access to our 24-hour Bulletin Board. 
own menu designs, automatic scrolling, pop-up windows 

(number limited only by RAM), logical colors, help, time & Easy Price:s/Risk-Free Terms 

and date, yes/no, tickertape fields, secure and protected Try C-scape for 30 days. If you are not satisfied, return it 
fields, and many others, to turn your demo into a fully for a refund. When you register, we send you source code. 
functioning and complete program in a fraction of the time Order C-scape today, or call toll free for more information. 
spent coding screens from scratch. See why some very major companies are standardizing on 
C-scape’s extensive library includes just about all the data C-scape. 

entry and display functions you'll ever need, including 

money functions, fully definable borders, and orthogonal C-scape (Lattice/Microsoft/others) Only $199 
field movement (get the latest list by calling for more infor- 

mation). And modifying our functions or writing your own C-scape with Dan Bricklin’s Demo Program $259 
is easy. C-scape adjusts automatically for CGA, EGA, AN 

monochrome, and the Hercules Graphics Card Plus in WE’ C-scape with DB Demo and db__VISTA (RAIMA) $425 
RamFont mode, and optionally writes directly to video 

memory, so it’s flexible and fast. Please add $3 for first class shipping; Massachusetts orders 


add 5% sales tax. 





mare) CALL NOW! 
Oakland Group, Inc.© 800-233-3733 
675 Massachusetts Avenue, Cambridge, MA 02139-3309 617-491-7311 
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SAPIENS V8 


A VIRTUAL MEMORY MANAGER 
FOR THE PC 


C PROGRAMMERS! 
LINK IN 


EXPAND YOUR C COMPILER 
8 MEGABYTES 
ON A PC 


* VIRTUAL MEMORY MANAGER FOR 
C PROGRAMMERS ON THE IBM PC. 
* PROVIDES 8 MGS. VIRTUAL MEMORY 
WORKSPACE. 


* Link V8 libraries to C compilers — 
MICROSOFT, LATTICE AND AZTEC. 


* FAST: LESS THAN 10% SPEED 
OVERHEAD 


* ADVANCED SOFTWARE EMULATION OF 
64-BIT ARCHITECTURE 





Sapiens V8 is for C programmers who want to 
develop PC applications that go beyond current 
memory restrictions of the PC and a 16 bit 
architecture. 


© V8 is not dependent on add-on boards. 


¢ Virtual stack library supports stack frame 
management and multiple return values. 


¢ Virtual heap (vmalloc( )) allows allocation 
of very large data structures. 


¢ System requirements: Huge model C 
compiler, V8 uses 22-128 Kb core. 


SAP I-E-N.-S 
SOFTWARE 
CORPORATION 





Sapiens Software Corporation 
236 Mora St. Santa Cruz, CA 95060 
408/458-1990 


Sse 
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Listing Twenty-six (Listing continued) 


/* Intitialize rstr to point just past the 
* ,el, skip any white space and quotes if 
* necessary. Then call process with the 


* command tail as its argument. 
“7 
rstr = skipspace(rstr, Esc); 
Let Sept re ee ) 
*skipto('"*, ++rstr, Esc) = 0; 


process( rstr, Ifilename, 2, Macv ); 


} 


if( did_something ) 


Inhibit = 0; 
return 0; 
} 
/* Se ew ee OOO ee Se See ew eee Se ee wee seen we es eee emo ee eee eee eae x / 
ig( str ) 
char *SGrs 
{ 
/* .ig -- Ignore input by writing to a dummy macro 
nf 


mwrite(: (char *)0, -str )’s 


[ ®2------- -- - -- -- - - - -- - - + + x / 
in( num, str, offset, dobreak ) 
char “Stns 
{ 
/* .in [+-] N -- Change the indent level 
wf 


if ( dobreak ) 
brk (): 


setnum( &INDENT, num, offset ); 


it( num, str, offset ) 
char XStr' 
int num, offset ; 
{ 

/* .it [+-]N xx Input line trap. Spring macro 

. xx after N lines of input have been 

* read. Only one input line trap may be active. 

* A .it destroys a previous trap if on exists. 


=f 
if( !num || !*str ) 
/* Remove current input trap ey 
Itrap me 
Itrap name[0] = 0; 
return; 


} 

setnum( é&Itrap, num, offset ); 
if( Itrap <= 0 ) 

{ 


err(".it xx N: N may not be negative\n") ; 


Itrap = -1; 
} 
else 
{ 
Itrap name[(0] = str[0]; 
Itrap name[1l] = str[0]; 
} 
} 
/* a a a a a a = oe x / 
leé'{ str ) 
char Str; 
{ 
ay .lc C -- Change leader character from . toc 
* 


Leader = *str ; 


/* a a a a a ww ww wr wn wn wo x / 
11( num, str, offset ) 
char 78555 
{ 
* -1l [+-]N -- Change line length to N 
x 


setnum( &LINLEN, num, offset ); 


J Ea ee ee a ao en es ne ia ee are es wed Sh ls x / 
1s( num, str, offset ) 
char “str 
{ 
- -1s N -- Change line spacing to N spaces 
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if( num >= 1 ) 


setnum( &LSPACE, num, offset ); 
else 


err("\".1s N\", N must be >= 1\n"); 


lt( num, str, offset ) 
char *str; 
{ 
/* ,1t [+-]N -- Change the length of a 3-part title 


af 


setnum( &Title_ len, num, offset ); 


mc( num, str ) 
char *SCY; 
{ 
/* .mc str [N] -- ENHANCED NROFF COMMAND -- 
* 
* Print the string, str, N spaces to the right 
* of the right margin. This differs from nroff, 
* which uses a single character rather than 
* a string. If str and N are both missing, the 
* margin character is disabled. The string is 
* limited to 20 characters (including any spaces 
* implied by N). If N is missing or 0, 2 is used. 
* 


/ 
static UCHAR buf (21); 
if( num <= 0 ) 
num = 2; 
ror. p= buf; --num >= 0; *p++ =' Fy 


strncpy( p, str, é&buf[{21] - p ); 
Rmarg_str = buf; 





[Bm a rr rn *x/ 
mf( macro, file ) 
char *macro, *file; 
J { 
/ .mf xx file -- NOT AN NROFF COMMAND -- 


* 

x 

* Copy the contents of the macro xx to the 

* indicated file. The macro may not be in 

* use at the time. This command is particularly 

* useful for saving a collected index that hasn't 
* been sorted yet. 

af 


dump _mac( macro, file ); 


ml( str ) 


{ 
/* .ml str -- NOT AN NROFF COMMAND 


* 
* Like a mc but prints the string at the left 

* margin rather than the right margin. The page 

* offset must be at least as large as the string, 
* which is limited to 21 characters. 

*/ 


static char buf(21): 


strncpy( buf, str, 20 ); 
Lmarg_str = buf; 


/* owe ee ee ee we ew ew ow ww ww ww ww ww wo ww we www ww we wo ow we ww www wow we x / 
nb( str ) 
char *str; 
{ 
/ nb -- NOT AN NROFF COMMAND -- 


Used in conjuntion with a .nm, will cause blank 
lines to be numbered as well as nonblank lines. 
Useful if you're using nr to format listings. 


+ 4+ + + 4 


Nm_blanks = *str ; 


(continued on next page) 
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diagnostic facility for C 


TOP Srp ay = 6 oes sees = 


ee 
\ The professional 
| 


@ PC-lint lets you zap swarms of C 

‘wm bugs and glitches at a time. 

i< Now you can uncover the quirks, 
inconsistencies, and subtle errors 
that infest your C programs... 
waiting to bite you. PC-lint finds 
them all... or as many as you 
want ... in one pass. Set PC-lint 
to match your own style. 


Outperforms any lint at any price 


= Full K&R support and 
common ANSI enhancements 
(even MS keywords) 

= Finds inconsistencies 
(especially in function calls 
across multiple modules!) 


= Modifiable library descriptions | 
for 8 popular compilers 


= Super fast,one-pass operation 
= Suppress any error message { 
& Zillions of options 


PRICE $139 » MC « VISA» COD 


» Includes USA shipping and handling. & 
! Outside USA, add $15. In PA add 6%. ¥ 

.@| ORDER TODAY, at 
30-day guarantee 


Runs under MS-DOS 2.0 and up, and 
- AmigaDOS. Uses all available memory. 9 








. 


Trademarks: PC-lint (Gimpel Software), 
pM MS. MS-DOS (Microsoft), Amiga (Commodore) 


| - Sorrwane | 


3207 Hogarth Lane, 
Collegeville, PA 19426 


ste 9) 584-4261 — 


es 
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MODULA-? 


When you upgrade to the language of 
the 90’s, don’t bring along tools for 
languages of the 70’s. Switch to 
Repertoire™, from PMI: tools and 
subsystems designed specifically for 
Modula-2. 





Partial list of utilities included in 
REPERTOIRE™: 


* DBMS: insertion, deletion and 
retrieval of keyed records; garbage 
collection and recovery of damaged 
files; variable-length records and fields; 
data and index stored together; 
convenient storage/ retrieval of linked 
lists and unstructured text; nested 
fields; interactive file-searching 
expressions. 


* Screen Design/ Display System: Much 
more than a windowing system. Design 
full-color and/or monochrome screens, 
forms, menus, etc. in your own editor. 
Screens obtain and check input, provide 
help and scroll within windows. Built- 
in natural language analysis system. 
New, with Release 1.4: Input text 
wraps and scrolls in multi-line fields. 


* Thoroughly-indexed, 300-page manual. 


* Full Modula-2 source code (over 
600K); won't chain your programs to 
one machine or operating system. 


* Versions for Logitech and other 
compilers. 


Over 400 Routines! 


589 
Only 


OPTIONS: 


* ModBase: an alternate DBMS fully 
compatible with Ashton-Tate’'s dBase 
ITI; create and access dBase III files 
from Modula-2, and vice-versa; disk- 
based B+ Tree Indexing system allows 
files with billions of records. 

S89 


Includes full source code... 





* Multi-Tasking Support System: 
Scheduler; Fast-Interrupt Handler: 
Multi-Tasking drivers for 2 serial 


ports, keyboard, printer. S949 


Includes full source code. + 


ees essessssnsnsensssensnssssssssnssnces 


\ VISA/MC 
[ } AMEX/COD/PO 
| 4 (503) 777-8844 

BIX: pmi 


Compuserve: 74706, 262 
The leading supplier 


of Modula-2 soft- 4536 S.E. 50th 
ware components. Portland, OR 97206 


Call for free demo & documentation disk! 
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Listing Twenty-six (Listing continued) 


ne( num ) 
{ 
/* .ne N -- If the distance between the current 
* line and the next output line trap is 
* less than N, skip forward to the next trap. 
* The assumption is that the trap will be an 
* end of page trap. 
*/ 
register int a3 


if( (i = TOTRAP) < num ) 
prblank( i ); 


nf( str, dobreak ) 
char *str> 


{ 


/* nf -- Disable line filling, flushing the 
* buffer first. 
*7 
if( dobreak ) 
brk(); 
FILL = 0; 
} 
Sr ak eer a a ra a ws a pe tds dees ee x / 
nh () 
{ 
/* <n -- Turn off hyphenation (that was 
* turned on with a .hy command). 
ey 
Hyphenate = 0; 
} 
/* OO Oe ee Oe One Oe we ww wm owe owe we ww ww oe ww ww www ee eee eee eee x / 
nm( str ) 
char ‘SCL 
{ 
/* .NMNMS -- MODIFIED NROFF COMMAND -- 
* 
* N = first line number 
* M = only even multiples of M are printed 
* S$ = print string after number 
* 
* If you need to change M without changing N, use 
* .nm x MS where x is any non-number. Same goes for 
MiGdlne ex S 
* 
* If no arguments are specified turn off numbering 
* but remember current line number etc. Use .nm x 
* to resume where x is any non-numeric argument. 
x 
* Bugs: The arrays gotten from malloc() 
* for the S argument are never free()ed. 
ay 
char =D; 
extern double parse(); 


if( Nm_on = *str ) 
{ 
Splitfields(é&str, &p); /* Do N argument */ 
if( isdigit(*str) ) 
LINE = (int) parse( éstr ); 


splitfields(&p, éstr); /* Do M argument */ 


if( isdigit(*p) ) 
Nm_mult = (int) parse( &p ); 


if( *str ) /* Do S argument */ 


if( !(Nm_str = strsave(str)) ) 
{ 


err("Can't get enough memory for .nm\n"); 


Nm str="“ 4" 
} 
} 
} 

} 
fe se cra gn ss i te a an ace psa veg eareiian os esis ab ves popes scb cp indamsis ale poco x / 
nr( num, str, offset, dobreak, tail ) 
char nar 
char *tail; 
{ 

/* .nr R [+-]N [[-]M] -- ENHANCED NROFF COMMAND -- 


* 


* create or modify number register R by (to) N. If 


M is present, it is incremented when invoked 

with \n+x, \n+(xx, \n-x or \n+(xx. If M is absent, 
1 is used. Unlike nroff, .nr, with no arguments, 
prints all currently defined number registers. 


/ 


+ + # e 


if( *str == '\0"') 
pr_nregs(); 
else 


(continued on page 86) 
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The Advanced Programmer's Editor 
That Doesn't Waste Your Time 


e Fast, EMACS-style commands—completely reconfigurable 
e Run other programs without stopping Epsilon—concurrently! 


e C Language support—fix errors while your compiler runs 

e Powerful extension language  e Great on-line help system 
e Multiple windows, files e Regular Expression search 
e Unlimited file size, line length e Supports large displays 

e 30 day money-back guarantee e Not copy protected 


Only $195 
LUgyar-u 


Software Ltd. 


5740 Darlington Road 


Pittsburgh, PA 15217 for IBM PC/XT/AT’s or compatibles 
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Personalize 
your computing 


environment. 


The MKS Toolkit now contains 
the Korn shell command interpreter. 


The MKS version of Bell Labs’ Korn shell has this and more: 
e the full power of the UNIX System V.2. © command aliases 


Bourne shell e interactive command-line facilities 

e the most requested features of e previous command history and editing 
Berkeley's C shell e a powerful programming language 

e the full-UNIX utility of executable shell ¢ shell variable expansion 
files e arithmetic evaluation 


All this has been fine-tuned to create the optimum environment under DOS. The 
Korn shell is just one of over 100 commands — fully compatible with UNIX System V.2 
— now contained in the MKS Toolkit, including the following: 


awk cat chmod cmp cp cpio ctags cut date 
dd df diff du echo ed egrep ex fgrep 
file find head help join Ic Is more mv 
nm od paste pg prof rm sed size sort 

split strings tail time touch tr uniq vi wc 


and much, much more... 

These programs run from the shell or command.com under DOS on machines such 
as the IBM PC, XT, and AT, the AT&T 6300, and most PC compatibles. Full documen- 
tation is included. Phone support is available 9-6 EST. Not copy protected. 


Everything for only $139. 


Mortice Kern Systems Inc. 
43 Bridgeport Road East, Waterloo, Ontario, Canada N2J 2J4 


For information or ordering call collect: (519) 884-2251 


Prices quoted in U.S. funds. MasterCard and VISA orders accepted. OEM and dealer inquiries 
invited. UNIX is a trademark of Bell Labs. MS-DOS is a trademark of Microsoft Corp. 
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Designer 





Data& Windows, the window-oriented data- 
entry system from Magus, Inc., now supports 
more of your favorite compilers! If you use 
Microsoft C, Pascal, or FORTRAN, Manx 
Aztec C86, Mark Williams C Programming 
System, Lattice C, IBM C, MetaWare High C, 
MetaWare Professional Pascal, or Datalight 
Optimum C, you can use Data& Windows to 
quickly and easily create almost any user 
interface. 


















With Data& Windows, you draw your text, 
fields, and colors on the video display. You 
see exactly what you will get while you 
create it. The screen designer gives you 
maximum functionality in an editor-like 
environment. Fields have options for 
specifying character and data type 
validations, user-definable validations, 
protected (display only) ficlds, auto-crasing 
fields, retain data fields, and more. You can 
check the look and operation of the screen 
with test mode. 





Scrcens are saved in Microsoft object file 
format. You simply link the screen files with 
your application, so screen and field 
information is stored in your program (.EXE) 
file rather than in separate data files that 
must be present at runtime. 




























You get library routine support for fully 
overlapping and scrollable windows which 
use an approach called static windowing. This 
technique eliminates the need for replication 
of static data in dynamic memory. More 
than seventy library routines are available to 
manipulate your windows, control data entry 
and storage, create window-oriented menus, 
and more! 





Get Started Quick! A thorough on-disk 
tutorial is provided so that you can begin 
creating useful screens the day you receive 
the product. Utility programs that document 
each screen and allow you to prototype (or 
simulate) your application complete the 
package. 


Try It Out! Order your demo disk today. For 
$5.00 (refundable when you buy the product), 
you will receive a copy of the screen 
generator, the tutorial, and on-disk 
documentation on the utility programs and 
library routines. 


Data& Windows is $345, or $695 with library 
source code, and certain discounts are 
available. Be sure to specify which 
compiler(s) you use when ordering. 


Call (713) 665-4109 for more information. 
Major credit cards accepted. 






REQUIREMENTS: 
IBM PC/XT/AT/JR or true compatible, DOS 
2.0 or later, at least 128K free RAM, and one 
of the compilers listed above. Xenix support 
will soon become available. 





IBM, IBM PC, IBM XT, and IBM AT are 
trademarks of International Business Machines. 
Microsoft and XENIX are trademarks of 

Microsoft Corporation. Aztec is a trademark of 
Manx Software Systems. High C is a trademark 
of MetaWare. 






MAGUS, INC. 
4545 Bissonet Suite #114 
Bellaire, TX 77401 
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Listing Twenty-six (Listing continued) 


} putnreg( str, 0, num, offset, 1, atoi(tail) ); 
/* Gv Genta eee ein cite nih ee Se ain a aS AN SE eins he eae enh i Me's ees ine ead mm av et San EA ab E> FNS Ue we Sn en GN Gethin am Swe ones a kneel wate x / 
ns( str) 
char *Str; 
{ 
f{*25,08 -- Inhibit line spacing: Dont’ print 
* newlines until some text is 
* printed or a .bp N (the N is required) or a 
* -rs is executed 
“7 


Nospace = 1; 


od(lstr, rstr) 
{ 
/* .od on off -- NOT AN NROFF COMMAND -- 
* 
x Define two strings, one to enter overstrike 
* mode on the printer (on) and a second to 
* exit (off). Maximum string length is 
x 80 characters. 
* 


/ 


static char on[(81], off[81] 
on[80] = of f[80] = 0; 


strncpy( on, lstr, 80 )> 
stracoy{. off, rstr, 80: }2 


Os_on 
Os off 


on ; 
off; 


Wott 


os( num, str, offset ) 

{ 
/* .os [+-]N -- NOT AN NROFF COMMAND -- 
x 
* Just like .ul except it overstrikes the next 
* N input lines rather than underlining them. 
=f 





setnum( &Num_os, num, offset); 
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ou (str) 


CANADA’S 2 oe 














/* ,ou str -- NOT AN NROFF COMMAND -- 
* Output string directly to the current output, 
SOURCE FOR C * without going through the normal text processing 
* mechanism. Line number, adjusting, etc. will 
. * not be affected. This command for sending control 
* sequences directly to the printer (ie. for 
* initializations etc. Use \x<2 hex digits> to send 
* non-printing characters. The top bit of the 
: - ch > 0 Let s3 d off bef t itting, 
- Canadian Sales *- You can send an ASCIT null as a "\x60", Also note 
: : * -that thee: Te: (which c control ch t 
- Canadian Service " “tobe printed in feadable form) haa affect’ on the 
- Canadian Technical Support iC ee ee 
- Canadian Product Knowledge ots( str ); 
} 
is Gold A iy [ Bannan nana nnn = -- - -- -- -- - -- -- - -- -- = - = --- +--+ “7 
We specialize in programming & development software aes 
char *StYrs 
{ 
LIFEBOAT « LATTICE ¢e GREENLEAF e PHOENIX /* .pc C -- Change the character used to indicate 
; : Page number in a 3=part title (.t1) from 
SOFTCRAFT « MICROSOFT « BLAISE ¢ ESSENTIAL */ 
AGE OF REASON « DESMET « AZTEC eee ee 
MARK WILLIAMS « GIMPEL * ROUNDHILL + GSS Blea cent ena ated ‘/ 
HALO « FAIRCOM « RAIMA « INTEL « etc. « etc. « char deere 
int num; 
{ 
, ; aie — /* .pl [+-]N -- Set 1 th to N 
or Call for full price lis:—Dealer enquiries welcome sf5 Se ott eRe, 
ns setnum( &PGLEN, num, offset): 
} 
We know our products—we use them! | ann nn co i a en */ 


SCANTEL SYSTEMS LTD. po( num, str, offset ) 


char =SGr- 


801 York Mills Rd., Don Mills, Ont., M3B 1X7 ( ; 
(416) 449-9259 Sy -po [+-]N -- Set page offset to N 
(continued on page 90) 
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NOW INTRODUCING VIRTUAL MEMORY SUPPORT 
BetterBASIC with the optional Virtual Memory Manager can 
now address 400,000,000,000 bytes of — 


1 BetterBASIC Application 
Development System $199.00 
7 The BetterBASIC Application Development 






PC-BASICA and GW-BASIC, yet provides numer- 
ous new and sophisticated language features such 
as: program Block Structures, recursive Procedures 
and Functions with local variables, structures, 
Records and Pointers and last but not least sup- 
port of large memory. 







Virtual Memory Manager $99.00 


4 The Virtual Memory Manager expands 

a Better-BASIC’s data space into the giga- 
byte range and finally breaks the 640k byte barrier 
for array sizes. Not only can you directly address 
all expanded memory supported by LIM/EMS 
memory boards, you can also address any RAM 
Disk, Hard Disk or even a Floppy Disk as if they 
were ordinary RAM. 


C-Link $99.00 
This software package allows BetterBASIC 
4 to access C-language library functions from 
within BetterBASIC. Currently supported are 
Lattice and Microsoft C. 





Screen Design System $199.00 
This package truly takes the drudgery out 
of creating display screens and data entry 
screens. An interactive Screen Editor lets you 
“paint” your display screens exactly as you want 
them to appear in your program. The completed 
screens take the form of disk resident images. 
A run time library module provides many new 
BetterBASIC procedures and functions for inter- 
acting with the display screens to simplify the 
use of pop-up menus and data entry screens. 





4 System provides very close compatibility with 


Btrieve™ Interface $99.00 


This is a high level BetterBASIC interface 
to the ever popular Btrieve™ file manager 
from SoftCraft. Instead of Assembly language calls 
this module provides high level BetterBASIC pro- 
gram access to all Btrieve™ functions. Use it to design 
your own database application in BetterBASIC. 





8087/80287 Math Module $99.00 


This module allows you to use the 8087 

or 80287 co-processor to significantly accel- 
erate programs which are floating point calcula- 
tions intensive. 





Decimal Math Module $99.00 


If you are a business programmer, you are 
probably frustrated by the many roundoff 
problems caused by ordinary IEEE format floating 
point numerical operations. The BetterBASIC 
Decimal Math Module which offers variable preci- 
sion from 6 to 24 digits, drastically reduces roundoff 
problems in business applications. 





BetterTools™ $99.00 
This is a collection of more than 150 useful 
extensions to BetterBASIC such as time 
and date computations, encryption and decryp- 
tion, low level file directory access, hyperbolic 
function and much more. No BetterBASIC pro- 
grammer should be without BetterTools™ 










Virtual Memory Manager- 
Network Version $250.00 


This version of the Virtual Memory Manager 
allows Virtual Memory to be distributed through- 
out a Local Area Network. It also provides File, 
Records and Field Locking to control access to 
shared data. 


Call our Toll Free Order Line 
1-800-255-5800 


B 





SIC. 


Summit Software Technology, Inc" 
106 Access Road, Norwood, MA 02062 
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THE PROGRAMMERS SHOP 





helps save time, money and cut frustrations. Compare, evaluate, and find products. 


IO oO aa 


Personal COBOL by Microfocus - 
Develop, test, debug, executive 
ANSI 74 code. Full-screen editor, 
syntax checker, Animator, forms/ 
screen gencrator, help. Compatible 
with Level II. PC 3.169 


Al-Expert System Dev’t 


Arity Combination Package PS $1119 
System - use with C MS $ 259 
SQL Dev't Package MS $ 259 

Auto-Intelligence PC 3.749 

Expertcach - Powerful, samples PC $ 349 

Exsys PC $ 309 
Runtime System PC $ 479 

Insight 2+ MS $ 379 

Intelligence/Compiler PC $ 749 

Texas Instruments: 

PC Easy PC $ 435 
Personal Consultant Plus PC $2589 


Al-Lisp 


Microsoft MuLisp 85 MS $ 159 
PC Scheme LISP - by TI PC >. 85 
TransLISP - learn fast MS Call 
TransLISP PLUS 
Optional Unlimited Runtime Call 
PLUS for MSDOS Call 


Others: IQ LISP ($155), IQC LISP ($269) 


Al Prolog 


APT - Active Prolog Tutor - build 
applications interactively PC Call 
ARITY Standard - full, 4 Meg 
Interpreter - debug, C, ASM PC $ 309 
COMPILER/Interpreter-EXE PC $ 699 
With Exp Sys, Screen - KIT PC $1119 
Standard Prolog MS $ 79 
MacProlog Complete MAC $ 269 
MicroProlog - Prof. Entry Lev. MS $ 85 
MicroProlog Prof. Compiler/ 


Interpreter MS $ 439 
MPROLOG P550 PC S495 
Prolog-86 - Learn Fast MS $ 89 


Prolog-86 Plus - Develop MS $ 229 
TURBO PROLOG by Borland PC $ 69 


Basic Development System PC $ 105 


Basic Development Tools PC: S$ 89 
Basic Windows by Syscom PC S95 
BetterBASIC PC'S. 129 
8087 Math Support POS. 75 
Run-time Module PC $ 169 
Exim Toolkit - full 5 Se 


Finally - by Komputerwerks PC $ 85 


els 


Turbo Expert by Thinking 
Technologies - Menu driven expert 
system generation package details 
reasoning, comes with tutorial, manual 
demos. Startup (400 rules) PC $ 129 
Corporate (4000 rules) PC $ 359 

VXM by Command Technologies - 
Intelligent program control sharing 
by different environments like 
PCDOS-VAS. “Software Robots” use 
resources as needed, convert 
formats, transmit data. 





MS $ 195 








We support MSDOS (not just compatibles), 


700 + Programmer’s Products 

The Programmer's Shop carries every program- 
mer’s software product for MSDOS. PCDOS., 
CPM, Macintosh, Atari, and Amiga systems. We 
help you choose the best tools for you. Most popular 
products are in stock, available for quick delivery. 
We will gladly special order a product for you at 
no charge — just allow a few extra days for de- 
livery. 

Need Cross Compilers, Translators, or the right 
Fortran compiler? Ask us. 

Our Services: 

* Programmer's Referral List * Dealers Inquire 
+ Compare Products + Newsletter 
* Help find a Publisher * Rush Order 
* Evaluation Literature FREE = + Over 700 products 
* BBS - 7 PM to 7 AM 617-826-4086 National Accounts Center 


QuickBASIC PC $ 69 
Turbo BASIC - by Borland PC.;$.. 69 


Cobol 


Microfocus Professional Cobol PC $2295 
VS Workbench PC $3379 


Seana - . ‘ : om - 


Microsoft COBOL MS $ 439 
Microsoft Cobol Tools PC $ 209 
Realia - very fast MS $ 819 


Ryan McFarland COBOL MS Call 
COBOL-8X MS Call 
Screenplay - screen mgmt. PC $ 139 


C Libraries-Communications 


Asynch by Blaise PC e '35 
Essential Comm Library PC 3.135 
With Debugger PC 3.195 
Greenleaf Comm Library PC: $ 129 


Multi-Comm - add multitasking PC $ 149 


dBASE Language 
Clipper compiler rm Call 
dBASE II MS $ 329 
dBase III Plus PC $ 429 
dBASE III LanPack PC $ 649 
dBXL Interpreter PC $ 139 
FoxBase+ - single user MS $ 349 
QuickSilver by Word Tech PC $ 499 


dBASE Support 
dBase Tools for C PC $/- 65 
dBrief with Brief PC. Call 
DBC ISAM by Lattice MS $ 179 
dBx Translator to C MS $ 319 
dFlow - flowchart, xref MS Call 


Documentor - dFlow superset MS_ Call 
Genifer by Bytel-code generator MS $ 299 
QuickCode III Plus MS $ 249 





Editors for Programming 


BRIEF Programmer’s Editor PC Call 
EMACS by UniPress Source: $929 $ 299 
Epsilon - like EMACS, full 


C-like language for macros. PC $ 155 
KEDIT - like XEDIT PC $ 99 
Micro Focus Micro/SPF Pc 3-139 
PC/EDT - macros SS. Zao 
PC/VI - by Custom Software MS $ 109 
Personal REXX PC $ 99 
PMATE - power, multitask PC $ 119 


SPF/PC - fast, virtual memory PC $ 139 


Vedit MS $ 107 
Vedit PLUS MS $ 139 


CIRCLE 133 ON READER SERVICE CARD 


PCDOS, Xenix-86, CPM-80, Macintosh, Atari ST, and Amiga. 


iO] ea a 


Turbo C by Borland. ANSI Compiler 
supports 6 models including tiny and huge 
has floating point, interactive editor, 
Make. Speed development. PCS 75 


C Language-Compilers 


AZTEC C86 - Commercial PC $499 
C86 PLUS - by Cl MS Call 
Datalight C - fast compile, good code, 

4 models, Lattice compatible, 


Lib source. Dev’rs Kit PC 3. 77 
Datalight Optimum - C MS $ 99 
with Light Tools by Blaise PC $168 
Lattice C - from Lattice MS $275 
Mark Williams - w/debugger MS $369 
Let’s C Combo Pack PO $..99 
ets © PC.$ 59 


Microsoft C 4.0- Codeview MS $275 
Rex - C/86 by Systems & 

Software - standalone Rom MS $695 
Uniware 68000/ 10/20 Cross 


Compiler by SDS MS Call 
Wizard C MS $299 
Rom Development Package MS $259 


C Language-Interpreters 


C-terp by Gimpel - full K & R MS $229 
C Trainer - by Catalytix PC $ 89 
INSTANT C - Source debug, 

Edit to Run-3 seconds, .OBJs MS $379 
Interactive C by IMPACC Assoc. PC $209 
Run/C Professional MS $159 
Run/C Lite MS $ 89 


C Libraries-General 


Blackstar C Function Library PC $ 79 
C Essentials - 200 functions PC $ 75 
C Function Library MS $109 
C Tools Plus (1 & 2) - Blaise PC $125 
C Utilities by Essential PC $135 


C Worthy Library - Complete, machine 


independent MS $249 
Entelekon C Function Library PC $119 
Entelekon Superfonts for C PC $ 45 


Greenleaf Functions-portable, ASM $139 
LIGHT TOOLS by Blaise PC $ 69 


C Libraries-Files 


FILES: C Index by Trio - full B + 
Tree, vary length field, multi compiler 
/File is object only MS $ 89 
/Plus is full source MS $319 
CBTREE - Source, noroyalties MS $ 99 
CTree by Faircom - noroyalties MS $319 
rtree - report generation PC $249 
dbQUERY - ad Loc, SQL - based MS $159 
dbVISTA - full indexing, plus optional 
record types, pointers, Network. 
Object only - MS C, LAT, C86 $145 


Source - Single user MS $399 
Source - Multiuser MS $799 
dBx - translator MS $315 
w/source to library MS $349 


FEATURE 


FOXBASE + by Fox Software - 
dBASE III + compiler runs faster, 
keeps interactivity with EDIT, BROWSE. 
Multiuser available. MS $349 
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THE PROGRAMMERS SHOP 


provides complete information, advice, guarantees and every product for Microcomputer Programming. 


iO Oh aad 


Order before May 31, 1987 and mention Star Sapphire by Sapien Software, 
Ravastin Poon Tools this ad for these SPECIAL PRICES: Se LISP compiles/translates to C. 
ik eatures 8M virtual memory workspace, 
List Normal SPECIAL lexical & dynamic scoping. C Library 


Pasm Assembler-improved $195 ‘“SIIS $105 = ae : ; «at 
Pit. Bachar $305 $279 - $200 source, graphics. Flavors, unlimited 


Phoenix provides productivity for every program- Pforce Library Sa0) Sa $209 multidimensional alrays. MS $459 





mer. From object oriented C tools to an overla Pforee + + Library BAIS" S279 $209 
linker, plus a debugger, a powerful, fast asncsititer, Plink 86 PLUS S495 S319 $279 Other Languages 

and a high-performance editor — Phoenix has Pmate Editor s193-.SM 

itall. Call one of our specialists TODAY. APL*PLUS/PC PC $ 429 


CCS Mumps - Singleuser PC $ 50 
omst elegy Cul Fortran & Supporting ce be ae ak bes o : : 














Advantage C + + - object 50:More FORTRAN PC § 99 Microsoft MASM MS $ 98 
oriented — PC Call ACS Time Series MS $399 Modula-2 - by Pecan MS $ 79 
Basic-C Library by C Source PC $139 Forlib+ by Alpha MS $ 59 Modula-2/86 by Logitech PES. -62 
C Sharp - realtime, tasks. PC $600 MACFortran by Microsott MAC $229 Pasm - by Phoenix MS $ 115 
C ToolSet - DIFF, xref,source MS $ 95 MS Fortran - 4.0. full 77° MS $299 PC Forth+ - by Lab Micro PC $199 
The HAMMER by OES Systems PC $139 No Limit - Fortran Scientitic A SiS SNOBOL4 + - great for strings MS $ 80 
Lattice Text Utilities MS $ 89 PC-Fortran Tools - xref. pprint. PC $179 UR/Forth MS $ 279 
Multi-C - multitasking PC $149 RM/Fortran Call 
PC LINT-Checker. Amiga $89 MS $ 99 Scientific Subroutines - Matrix MS $139 - 
Quickshell - script compiler PC $349 Basic - by Microsoft $ 239 
Pfantasy Pac - by Phoenix PC $849 Multilanguage Support C-Terp by Gimpel Software $ 379 
Pre-C - Lint-Like MS $155 BTRIEVE ISAM MS $199 Cobol - by Microsoft $ 639 
Programmer's Extender, Vol. MAC $ 79 = BTRIEVE/N-multiuser MS $465 Cobol Tools - by Microsoft 5 319 
Sapiens V8 - 8M workspace PC $269 — Corporate PVCS-source control MS $359 Fortran or Pascal - by Microsoft —$ 439 
SECURITY LIB-add encrypt to MSC, Flash-Up Windows PC $ 79 MicroFocus Lev. II] Compact COBOL$ 795 
C86 programs. Source $229 PC $115 GSS Graphics Dev’t Toolkit PC $375 Panel $ 539 
Time Slicer - R/T PC $265 HALO Graphics PC $209 See Sar 
: , ortran a 
CCM fr Pace Me seyq  Xenix Complete System $1049 
C Power Windows by Entelekon PC $109 Informix 4GL-application builder PC $789 
dBASE Graphics forC = PC $ 69 Informix SQL PIANSI standard PC $639 a al aki 
C-Scape - capture Dan Bricklin PC $179 Opt Tech Sort - sort, merge MS $115 386 Assembler/Linker PC $ 389 
Curses by Lattice PC $ 89 PANEL - MS $215 ASMLIB - 170+ routines PC.3: 129 
ESSENTIAL GRAPHICS - fast PC $195 Pfinish - by Phoenix MS $229 asmTREE-B+treefilemgmt. PC $ 339 
GraphiC - mono version PC $209 PolyLibrarian by Polytron MS $ 79 Compact Source Print PL a9 
GraphiC - new color version PC $285 PolyBoost - speed I/O, keyboard PC $ 69 Dan Bricklin’s Demo Program PC $ 59 
Greenleaf Data Window PC $159 QMake by Quilt Co. MS $ 85 Help/Control - on line help PC. 3." 99 
w/source PCC S19 Report Option MS $119 _ Interactive Easyflow-HavenTree PC $ 129 
Multi- Windows -use w/ Multi-C PC $295 Screen Sculptor PC $ 95 Link & Locate - tools to work with 
Screen Ace Form Master PC $195 SRMS - source control MS $109 Intel and Tektronix projects. MS $ 329 
Vitamin C - screen I/O PC $199 Synergy - create user interfaces MS $375 LMK - like UNIX make MS $ 139 
Windows for C - fast PC $149 Xtrieve - organize database MS $199 Microsoft Windows re. > ee 
Windows for Data - validation PC $239 ZAP Communications- VT 100 PC $ 89 Software Development Kit PC $ 329 
View Manager - by Blaise PC $189 , MKS Toolkit - Unix, vi, awk PC $ 119 
ZView - screen generator MS $175 Pascal and Supporting Norton Commander PC.$ 55 
ae ALICE - learn Pascal Pc $ 59 Numerical Analyst by Magus PC $ 269 
ah Exec - Chain Programs MS $ 79 PDisk - cache, tree PC $ 125 
386 Debug - by Phar Lap PC $129 MetaWINDOWS- graphics toolkit PLink - 86 PLUS - overlays MS $ 319 
Breakout - by Essential Pe. 89 bit-mapped, fast PC $115. PMaker - by Phoenix Pe’$-. 79 
CODESMITH - visual PC $99 MetaWINDOWS PLUS PC $185 Polymake by Polytron MS $ 129 
C SPRITE - data structures PC $129 Microsoft PASCAL - faster | MS $189 — PolyShell by Polytron MS $ 119 
DSD87 - by Soft Advances ae Pascal Extender MAC $ 65 PolyXREF by Polytron PCS 
Periscope I - List: $345 eee Pascal Pac with Tidy - formatter Sapiens V8 - 8M virtual mgr. PC $ 300 
Periscope II - List: $175 PC Call utilities ; PC $ 69 Taskview - by Sunny Hill 
Periscope II-X - List: $145 PC Call Pascal Tools PLUS PC $125 Software, ten tasks Pc Ss. 55 
Pfix-86 Plus - by Phoenix PC $229 Pascal 2 - by Oregon Software Tom Rettig’s Library- dBASE PC $ 89 
Showcase - test software ; PC $135 tight fast : MS $329 Tree Diagrammer a3 "59 
SoftProbe II - by Systems & Software, TurboH ALO _ 186 eautiaes PC $ 99 Visible Computer: 8088 Be Ss 
embedded systems PC $695 
Note: Mention this ad. Some prices are specials. Ask about COD 
F2C by Solution S stems - Fortran er “bimalt 7 laptop now axaltabie aye fe UPS 
660r 77 toC. Neral program ae a shipping add $3 item. All prices subject to change without 


$3000. Pioneer. 1000 line max: $ 795 


Call for a catalog, literature, advice and service you can trust 


ml HOURS @® 


8:30 AM -8:00 PM EST. 











800-421-8006 ‘I would like to mention that I appreciate the way 
that The Programmer's Shop does business. It is in- 


PUI Ie eet Re) CL) 


deed refreshing to be able to call and get answers 
that you can trust in, to questions on various 
NTA eels eR LARSON LM hE Uke products.” 





z . Donald E. Winters 
5-D Pond Park Road. Hingham, MA 02043 Wits Sofimare Development Inc. 


Mass: 800-442-8070 or 617-740-2510 3/87 
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Listing Twenty-six (Listing continued) 


setnum( &OFFSET, num, offset); 


[ 8 enn ee + x / 
for MS-DOS pt () 
/* print all the traps */ 
MetaWare Incorporated announces the first ' Sera eps GRsapeeneee ee 
available C and Pascal compilers that generate Psd ceed ecla OS ext oS she Oe se he “/ 
protected-mode 80386 code ee 
for running on any 80386 machine that runs MS-DOS (eg., the { pe ok oeadce 
Compaq Deskpro 386). The compilers are functionally identical to et 
the well-respected 8086/286 MS-DOS High C™ and Professional * Read insertion from standard input until two 
Pascal™ compilers that have received outstanding reviews in such BE Sesto ne ak i ed gies eaaeg Doles os hee 
magazines as Computer Language, Dr. Dobb's, and PC Tech Jour- * standard input, expands the macro, and then 
nal. Our compilers are currently used by industry leaders such as * ees ee ae : ee Prone ma will 
j = e os err. S outpu asa 
Suara, ee ie eee ee ee . ercuipk snietue ox NOt. Tetris ecie ied. 
: a 


If you have an application that requires the large 32-bit address 
space and the full 32-bit registers of the 80386, expand your mar- 


ketplace to the rapidly growing supply of 80386 MS-DOS machines. 
Contact MetaWare for your 80386 software solution today! 
(408) 429-6382, telex 493-0879. 


Durable Software Constructed Automatically ™ 


FILE *oifile; 


fprintf(stderr, "\007"); 
1f¢ *LStr-) 
fprintf(stderr, "\n%s", lstr); 


oifile = Ifile; 
Ifile = stdin; 
mcreate( " " , "\n" ); 


386 °386°386°386°386°386°386°386 °386 386 °386°386°386° 386° 386 °386 386 °386 °386°386°386°386°386°386> 
OBE OBE + 9BE + 9BE o9BE + 9BE OBE o OBE o OBE o OBE o OBE e 9BLe 9BEe9BEo OBE o9BE IE OBE o OBE o OBE OBE OBE -9BE SORE 


Ifile = oifile; 
expand macro( " “™ ); 
Wats Wear munlink( " " ); 
} 
[Beene ee cee a seme a we meen ee en oe es een ene ee cease eneesee x / 
INCORPORATED rm(lstr) 
- 3 char *ager? 
903 Pacific Avenue, Suite 201 ¢ Santa Cruz, CA 95060-4429 { 
/* .rm name Remove the named macro or string. 
#98E e SBE o OBE o OBE e OBE oGBE o OBE o OBE OBE OBE o OBE o OSE o OBE OBE eQRECggES ORE . if the macro is on the disk, the 
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Lf ¢_7istr ) 


Pub lica tion Qua lity cise Mmiink( str 0: 


err("Missing macro name\n"); 


Scientific Graphics aa ee ee : 


i re(istr, Fstr} 

Over 100 C routines make Bae at cee eect 

- . . . { 
scientific plotting easy f*® ~2E KX Remove number register xx. Non- 

; * existant number registers evaluate 
> linear, log, & polar plots * to zero when used in an expression. 

: */ 

-> bar charts & Smith charts 

contour plots with labels SAREE ATS ae 

3-D curves, 3-D surfaces if( *lstr ) bolas 

rm_nreg(lstr 
4 curve types, 8 markers, errorbars else ee 


err("Missing number register name\n" ); 


14 fonts, font editor 
unlimited levels of SUB&°scripts 


| ert [ fo an nnn nn nnn nn nn nn nn nn nn n= == == = === == == == === ---- */ 
4096 x 3120 resolution in 16 colors 
on EGA, Tecmar, Sigma boards are ee 
-> zoom, pan, window and merce plots { 
‘ . ; /* .rs -- Restore line spacing turned off with 
-> high resolution printer dumps * a previous rane Note that 
x -bp N (the N is required) also works, 
SOURCE INCLUDED for persona/ use only * as does printing some text. 


$350. Demo $8 


Nospace = 0 ; 


256k, IBM, AT&T, Corona PCs, DOS 2.xx, 3.xx } 
Most boards, printers, and plotters supported i &/ 
Microsoft, Lattice, DeSrnet, Aztec, C86 compilers ; 
so( lstr ) 
* . 
Polar Plot Test ee ce: 

a wm See] /* .so file -- get (source) input from named 
AQ) LO fee SAE R IANO * file. The position in the current 
SA ES Pen IAE NN ; * file is remembered and processing will 

oxi RS PPP RTA ROO : * continue when the sourced file is exhausted. 
ALI rit eer gh Pk St 
SSSR pth At Rct G77 2 
’ ; register FILE ‘*fd; 
if( ! (fd = fopen(lstr, "r")) ) 
err(“Can't open %s\n", lstr ); 
else 


: Sees { 
Scientific Endeavors Corporation PEOGSSE Pia saerr Urs 22 


Route 4, Box 78 Kingston, TN 37763 (615) 376-4146 . (continued on page 92) 
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Announcing Magic PC — the first breakthrough for database applications developers in over 20 years: 


Now you can develop professional applications 
1000 % faster than your 4GL or DBMS, totally 
free from programming, commands and syntax! 


AKER Corp. MAGIC PC 


13.Order Entry Screen 
Execution Definition 


Description 


= Description 
2|Customers 


A Magic PC program looks as simple as this. To design an application you quickly fill-in menu-driven decision 
tables without having to write a single line of code. For example, just by highlighting the Execute Program 
operation on this screen and also highlighting the Item List program in the Program Menu, you tell Magic 
PC to pop-up the Item List window shown in the adjacent screen, when the end-user hits the Zoom key. 


Task Definition eT cee ae. Te 





12/03/86 


ein ven [a 
a 


Oe oe oe 


Read File No. Description 


Scan File 
User Exit 


Order No: 999 
Order Date: 99/99/99 


Description 


In Stock: -999,999 
Total Orders: -999,999 
Avail to Sell: -999,999 


DEE OE I oO 2 oR oI om on .omm 





Order Entry 


Customer No: 99999 
Address: 


Unit Price Total Price 


Item List 


Order Sum 
Discount 

Sub-Total 
Sales Tax 


Order Total -999 ,999 .99 


Magic PC gives your end-user the power to harness and retrieve data instantly, without any commands or 
syntax because at runtime you already have built-in options to Add, Delete, Modify, Query and get on-the- 
spot ad-hoc information simply by highlighting selections from menus. Dats validation, security and 
error-checking are done automatically for you by Magic PC without programming. 





Who needs another DBMS? 

At last, Magic PC gives you the ultimate applications 
design tool, far ahead of 4GL’s, DBMS and Applica- 
tion Generators. 

Magic PC breaks through the language barrier with 
the revolutionary Un-Language concept: 

NO PROGRAMMING, COMMANDS OR 
SYNTAX! 


Free yourself from your programming language 

Magic PC makes you, the professional, completely 
free from the drudgery of procedural programming. No 
more cryptic commands, syntax or unforgiving 
procedural structures, because Magic PC does all the 
programming automatically. There’s your competitive 
edge. The rest is up to you... 


The Professional Choice 

Already an international success, Magic PC is a profit 
maker and career booster for DP Consultants, System 
Integrators, VARs, MIS professionals, System Analysts, 
Programmer Analysts and Software Engineers. If you 
design PC applications professionally, you can't afford 
not to Un-Language now. 


IBM France: “IBM encourages this introduction and 
can not help but salute such evolution. . “ 


Israeli Air Force: “We were convinced that it was not 
possible to have a design tool powerful enough to im- 
plement real-life applications without a programming 
language. Magic PC changed our mind. . * 


Jeff Duntemann, PC Tech Journal: “It’s probably 
the best integrated database applications and screen 
generator that I have ever seen. . .very smooth system, 
and smoothness comes at a premium these days. . ” 


The Magic PC Secret 

You’re so much more productive with Magic PC 
because there is absolutely no programming to slow 
you down. You design a Magic PC application by simp- 
ly filling-in the Data Dictionary Tables (Files, Fields, 
Keys) and the Task Description Tables (Operations and 
Expressions). 

Only 13 design Operations harness the power of 
Magic PC. Operations are specific enough to eliminate 
the need for tiresome syntax, yet elastic enough to pro- 
duce robust custom applications. Use the Operations 
to describe what you want and Magic PC makes it 


happen. It’s that simple. 








Make Task nesting power available with a single 
Execute Task Operation. This powerful instruction 
triggers Magic PC to execute and display additional 
tasks or even external applications through Window 
Zooms. The 3-dimensional effect of Window Zoom- 
ing lets you probe deep into your application through 
nested windows and manipulate the data underneath. 

You describe a Magic PC Task or Program (com- 
posite Tasks) by filling your system analysis flow into 
the Task Description Tables. Choose the participating 
Data View, and Magic PC executes your desired Opera- 
tions. You interface with the Tables by highlighting your 
selections from pop-up menu-driven windows. There's 
nothing to edit except your headings. 

You're not confined to any particular design sequence 
as you are with most procedural languages. You can 
enter and change any Table spontaneously, on the fly, 
as ideas come to mind and Magic PC automatically 
maintains the application integrity. 

A Magic Inference Engine automatically or- 
chestrates your Task Description Tables into a single 
file of internal Knowledge Base Rules for optimum, 
bug-free performance. Knowledge Base Rules are ex- 
ecuted by the Magic Run engine for stand-alone run- 
time operation, or by the Magic Lan engine for 
unrestricted Novell network sharing. You're free to 
design the Knowledge Base without worrying about the 


internal structure. 
G fy 


Discover fast, 
language-free 
programming 
at no risk 

for only 





CIRCLE 369 ON READER SERVICE CARD 


See for yourself how fast you can program language- 
free applications with our low-cost limited offer. 

You'll get the full Magic PC software unprotected and 
limited to 100 records and 450 page documentation 
complete with a free Order Entry sample application. 
You'll also get our free telephone support for 90 days! 

And your $19.95 will be credited towards the full $695 
Magic PC purchase price. Even if you don’t buy Magic 
PC right away, keep your $19.95 Magic PC Trial as your 
application prototyping tool at this bargain price. 


Our No-Risk Guarantee! 


You have our no-risk 30-day money-back guarantee: 
if you’re not completely satisfied for any reason, even 
Magic PC Trial for $19.95, send it back for a refund. 


Order now while supply lasts 

Call this toll free number now with your Visa, 
MasterCard or American Express for immediate 
delivery, or send the Order Coupon below today to Aker. 


1-800-345-MAGIC 
in CA call 714-250-1718 


Ee 
| VISA | 
Bes 





Yes, please rush me: 














L) Magic PC Trial $ 19.95 
L] Magic PC $695.00 
Add shipping $ 5.00 
In CA 6% tax oss 
Prices valid in US only. Total $ 
Ship to: 
Address: 
City/ST/Zip: 
Phone: 





ae 
wig 


Aker Corp. 18007 Skypark Circle B2, Irvine, CA 92714 
(714) 250-1718, Elec. Mail Dialcom 41: AKR 001 Telex 4931184 





AKR UI 


Min. requirements PC DOS 2.0. IBM PC or 100% compatible with 512K and hard disk. 
©1986 Aker Corp. Printed 1/87 Trademarks: Magic PC, Un-Language. Window Zoom, 
Magic Run. Magic LAN and Magic PC Trial are trademarks of Aker Corp., IBM PC 
and PC-DOS are trademarks of IBM Corp.. Novell is a trademark of Novell Inc. 


OEM and VAR inquiries are welcome. 





Fortran Support 


Cay 
IBM PC/XT/AT & Compatibles 





Versions Available For: 


Microsoft, Supersoft, RyanMcFarland, 
IBM Professional, Lahey, & IBM 


Fortran. 
Forlib-Plus 
$69.95 


Supports graphics, interrupt driven com- 
munication, program chaining, and file 
handling/ disk support. A Fortran coded 
subroutine is included which will plot data 
on the screen either in linear/linear, log/ 
linear, linear/log, or log/log on the appro- 
priate grid. 


Strings & Things 
$69.95 


Supports string maipulations, command 
line usage, DOS call capabilities, SHELL 
generation and data transmission, BATCH 
file control, music generation, PEEKS and 
POKES, PORT access, and general register 
manipulations. 


For- Winds 
$89.95 


Gives the Fortran programmer the capa- 
bility of generating up to 255 windows on 
the screen. Each window can be individually 
scrolled, moved, sized, generated, and 
removed. Both color and monochrome type 
displays are supported. Full source code is 
supplied for customization. 


ACS Time Series 
$495.00 


This is a COMPLETE time series analysis 
package which contains VERY HIGH 
SPEED FFTs, Filter generations, convo- 
lutions, transfer function calculations, auto 
and cross spectra calculations, Cepstrum, 
curve fitting algorithims, coherence calcu- 
lations, and many other associated routines. 
The price includes FULL source code. 


Fortran Scientific 
Subroutine Package 
$295.00 


There are approximately 100 Fortran sub- 
routines included which fall under the 
following 12 categories: 

1) Matrix storage and Operations 2) 
Correlation and Regression, 3) Design 
Analysis (ANOVA), 4) Descriminant Anal- 
ysis, 5) Factor Analysis, 6) Eigen Analysis, 7) 
Time Series, 8) Nonparametric Statistics, 9) 
Distribution Functions, 10) Linear Analysis, 
11) Polynomial Solutions, 12) Data 
Screening. Full source code is included. 


Pre 


ALPHA COMPUTER SERVICE 

5300 ORANGE AVENUE SUITE 108 
CYPRESS, CALIFORNIA 99630 
(714) 828- 0286 


California Residents 
Include 6% Sales Tax There are NO license fees 
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Listing Twenty-six (Listing continued) 


fclose( fd ); 


sp( num, str, offset, dobreak) 
char “Str? 
{ 


/* .sp [N] -- Space down N lines. Default N is 1 
my 


if( dobreak ) 
bEek:()'s 


if( num > 0 ) 
prblank( num ); 


else if (num < 0 ) 
go_up( num ); 


j[ *---------------------- ----- - -- -- -- - + - - - - - - x / 
ss( num ) 
{ 
/* .ss N -=- Change the width of a space in the 
* currently active font to N. Default 
* Nis 1. 
wy 
Fonts[{ CURFONT ].widths[{ ' ' ] = num; 
} 
[estimate eee cil tg eatin epee tap esis sae nan seeing deen wenger anne x / 
ta (str -) 
char mSTES 
{ 
/* .ta [A,B,...2] -- If no argument, clear all tab 
x [+] B[RCL] stops. The argument is a list 
* of tabstops. Each argument can be a specific 
* column (eg. 9), or an offset from the previous 
* number (eg. +8), in addition, each number can 
* be followed by a tab type: 
* R - Right justified in field 
* C - Centered in field 
* L - Left justified in field 
wf 
if( *str ) 
tabset- (str) 
else 
tabclr(); 
} 
[ Rew wn nanan on wn wn wn ee - ee ee ee ee ee ee x / 
te (str) 
char eeCYs 
{ 
/* .tc C -- MODIFIED NROFF COMMAND -- 
* Set tab expansion character to C. 
* if no C, tab expansion is disabled. This lets 
* us get a “I or “A through to the printer control 
De 
*y 
if( !*str ) 
Tabs enabled = 0; 
else 
{ 
Tabs enabled = 1; 
Tab -= *Str.; 
} 
} 
chancel caer Pc lle at aD ta eg rash a Seah creases snr ni eptninnomtinc iets oa x / 


tit nua: str, off,.debreak ) 
char *str;> 
{ 


f* .ti-® -< Temporary indent is set to N spaces. 
= A temporary indent applies only to 
* the next line of output. 
ny. 
if( dobreak ) 
brk(); 


Tempin = num ; 


/* nn na a a a wr wo ww wr wo ee x / 
ti (iste j 
char *Strs 
{ 
/* .tl /A/B/C/ Print a 3-part title with A left 


justified, B centered, and C right 
justified. The / can be any character. The 
title is printed at the current page offset 
but indent is ignored, the length is defined 
: with the .1t command. 


++ + + eH OH 


title( str ); 


(continued on page 94) 
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Houston, Texas 77006 











THE PROGRAMMERS SHOP 





provides complete information, advice, guarantees and every product for Microcomputer Programming. 


re Oe ee aE a 


The First 
Automatic Knowledge 
PO Rte R i 


List: $990 


Our: $749 


Intelligence Ware. rc. 


9800 S. Sepulveda Bivd. Suite 730 
Los Angeles, CA 90045 
Telephone: [213] 417-8896; Fax [213] 417-8897 


Dy ee ay ce ee 


Now quickly and easily develop 
multi-tasking applications on your PC! 


Now get the speed, power and flexibility of MUMPS in a truly 
concurrent processing environment with COMP Computing 
Standard MUMPS (CCSM). 


CCSM provides the programmer with these benefits: 


* Save time and money by writing Applications in 1/3 to 145 
the amount of code. 


Fast data access with B-Tree File Structure and Automatic 
disk caching. 


Unlimited program size and variable space with advanced 
virtual memory system. 


100% portable from micros to minis to mainframes. 
Easily write multi-tasking and multiuser applications. 
And with MUMPS, all you need to do to start a background 


process is: "JOB “ROUTINE”. No memory allocation, no table 
set-up, no hassles; the system handles everything. 

CCSM is also available in a multi-tasking version for the 
Macintosh. 


Multi-Tasking: 
Multiuser: 


* 


List - $149.95 Ours -$129 
List- $450.00 Ours - $369 


For a demonstration diskette of CCSM, send two dollars to the address below. 


MGlobal 1-800-257-8052 


1601 Westheimer, Suite 201 
In Texas: 1-713-529-2576 





Call Today for FREE detailed 
information or try Risk-Free for 31 days. 


<=) 
3303 Harbor Bivd, C11, Costa Mesa, CA 92626 
Phone (714) 241-8650 FAX(714) 241-0377 TWX 910-695-0125 


800-421-8006 


HOURS: 8:30 A.M. -8:00 P.M.E.S.T. 





WANT TO ADD 


WINDOWS, ICONS, FONTS, 
FAST GRAPHICS, DIALOG BOXES, 
PROCESS MANAGEMENT, AND 
DEVICE INDEPENDENCE 


TO YOUR IBM PC PROGRAMS? 


if you have ever wished that you could develop stunning Macintosh-like programs on the IBM PC without 
the overhead of an enormous operating environment like Windows or GEM, then you need the 
SYNERGY DEVELOPMENT TOOLKIT, from Matrix Software. 


Using a memory resident runtime module only 20K in size (versus as much as 300K for Windows), you 
can develop applications with: overlapped and tiled windows; pull-down menus with half intensity options 
and automatic sizing; fast graphics function calls to draw shapes, lines, boxes, and create intricate fill 
patterns in both regular and irregular areas; have full device independence (drivers for numerous devices, 
including CGA, EGA and Hercules are included); sophisticated text input and output, with fonts in different 
styles and sizes; full keyboard support (your programs won't need a mouse!) and powerful mouse support; 
and process management calls to efficiently manipulate system resources. 


The Toolkit has gateways to support the following languages: 
* Turbo Pascal * Microsoft & Lattice C 
* IBM/MS Pascal * Macro Assembler 


* Basic 
¢ dBASE II/Ill Compilers 


In addition, the Toolkit includes a powerful collection of tools including a graphics resource editor for 
developing your own icons and fonts. 


NEW! The Toolkit also includes a free copy of Synergy Layout, a revolutionary software 
development tool that dramatically increases your productivity by actually generating bug-free source code 
in Macro, C, and Turbo Pascal. 


For further information, contact Matrix Software at [617] 567-0037. 


List: $395 
Our: $349 
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FIRMWARE DEVELOPMENT 


_ 


LINK & LOCATE enables PC users to produce 
ROM-based firmware for 8086/87/186 from 
object files generated by popular C compilers, 
such as from Wizard, Microsoft and Lattice, 
and MASM assembler from Microsoft. Provides 
full control of segment placement anywhere in 
memory. Supports output of Intel HEX file for 
PROM programmers, Intel OMF absolute 
object file for symbolic debuggers and in-circuit 
emulators. Includes Intel compatible linker, 
locator, librarian, hex formatters and cross 
reference generator. $350. 


SYSTEMS & 
SOFTWARE: 


Our: $329 










THE PROGRAMMER’S SHOP” 


Your complete source for software. services and answers 
5-DPond Park Road, Hingham, MA 02043 
Mass: 800-442-8070 or 617-740-2510 2/87 





GHV)D JOIAYSS YS0VSY NO vOE ATOUIO 


Don’t use your PC 
without 


E T (EditingTools) 


new version 2.1 


ET 1s 2-program in 1: 
a text editor and a DOS shell 


You certainly don’t need 
another editor Yet ET Editor 
can serve you better if the one 

you use now is a line, single 
file, or split-screen editor; or is 
too slow, big, and clumsy; or 
has no DOS shell, and limits file 
sizes to 64K or less. 


ET Editor has all the features a 
good text editor should have, 





tm(lstr ) 

char *2 SCI; 

{ 
-/* .tm str -- Print string to standard error. 
e/ 


fprintf(stderr, lstr ); 


[ *---------------- ---- -- +--+ -- - -- - - - - - - - - - - x / 
tp() 
{ 
/* .tp -- NOT AN NROFF COMMAND -- 
* prints the current tab stops the current 
* line length 
Sh 


tabprint (); 


and yet it 1s ee and [ tana nn nnn nn =n nnn nn 5-2 a= == == = +--+ +++ ==> */ 
incredibly fast. You are not . 
: ( , SLE, GELSet) 
forced to master new editor ener Seeds oe 


num, offset; 


command keys since all of them sat 


can be changed to whatever you 
refer during editing. 


$35 + $4 s/h; Demo $5 


Optimized Turbo Pascal source 
code is available for $99 more. 





Optimize your Turbo 
Pascal programs with 


IT (InlineTools 2.0) 
An inline assembly editor 


Turbo Pascal Programmers No 
more DEBUG and MASM. Now 
you can rewrite using JT critical 
parts of your programs such as 
screen display, S calls in 
inline assembly code as 
comments. Ask JT to append the 
machine code for you via the 
touch of a button. 


Don’t know assembly Start | 
your first lesson with /T, and 
apply it right away. You won't 
believe how easy it is to replace 
for instance DOS calls in your 
programs with real assembly. 


IT manual also shows you in 
detail how each Turbo Pascal 
construct 1s compiled, and ways 
ta Optimize your programe. 


S65 + $4 s/h; Demo $5 


Both ET and JT run efficiently on 
IBM and true compatibles. 
Not copy protected. 
Satisfaction is guaranteed. 





{ 7 
/* Sark. [94 -- Underline the next N input lines, 
* if N is absent. Only alphanumeric 
® characters are underlined, punction, 
* 


Spaces, etc., will not be. 
es 


setnum( &Num_under, num, offset ); 


J Bimini sina Goes pes datocer lapel oe Oe i ip aaa aG Wd tip oak Ok at Oona lek ae Alas oe emails x/ 
vd({ num, str, offset, dobreak, tail ) 

char *StLrs 

char *tail; 


{ 
/* .vd <up str> N <down str> -- NOT NROFF COMMAND -- 
* 


* defines strings to send printer cursor up or 


* down by 1/N lines. 
af 


static char dnstr[81]; 
static char upstr[81]; 


strncpy( Up_str = upstr, str , 80 ); 
strncpy( Dn_str = dnstr, tail, 80 ); 


Vs_amt = num 


mS 


+ + + + + H OD 


-wa [N] -- NOT AN NROFF COMMAND -- 
Waits for about N seconds (at most N +1). 


If N == 0 or if no argument a prompt is 
printed and the program waits for you to 
type Enter. 

/ 


int sec, osec, garbage ; 
if( !num ) 


fprintf(stderr, "\n\007\nType CR to continue..." ); 
fprintf(stderr, "%c\n", getch() ); 
} 


else 


{ 
numt++; 


fprintf( stderr, “\n"); 
while( --num >= 0 ) 
{ 


fprintf£( stderr, “waiting: %02d\r", num ); 


time (&garbage, égarbage, &osec, &garbage ); 


do { 
time (é&garbage, &é&garbage, &sec, &garbage ); 


} while( osec == sec ); 


} 


fprintf( stderr, "\n"); 


Jou Laboratories ir a re ee */ 
P.O. Bos 460969 wh( num, str ) 

Garland, TX 75046 “a eae 
(214) 495-8862 EY SMNGN, 5 c= 


Set output line trap. The macro x 
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CC 











set_linetrap(str, num); 


+e ee + +e HH H+ H+ F 


/ 


is executed imediately after 
printing line N on the current page. If N== 
the the trap is sprung at the top of page 
(above line 1). If X is absent, the trap at 
line N is removed. If N is negative then the 
trap is set relative to the bottom of the 
page length (as set with .pl) that was in 
.wh was executed. The macro will replace any 
previously installed macro, macros do not 
shadow one another as in the real nroff. 


If the "inhib" field is set then the command won't be 
executed when input has been inhibited by if/else 
processing. Only control-flow commands are uninhibited. 
To change a command name you need only modify the table. 
The exception is .{ because this command is generated 
explicitly when a \{ is encountered. 


Consult command() in nremd.c for more details on how the 
table is used. (}}) 





+ + + he He HH H H FH 


Cmdtab[({] = 








{* name rout., tp, inhib, default a d 












/* —- eee ee ee ee ee eo ee x / 

{ “ad , ad — Os > ae ‘ 
ws( num ) { “af" , af a ee ‘ 
{ ( Sam" , am Sy b ple i> 

/* .ws N -- NOT AN NROFF COMMAND -- { “as® , as oN ofS ots « - 
. { "bd" , bd g gS | gee 
* Enables wordstar-mode output: { “bo ., bo pi a wee 1% 
: { "bp" , bp ye Es ie I, 
* N == 0 (or missing) wordstar mode disabled { "pr" | br Bon OE yee : 
* N == 1 all single newlines mapped to to wordstar { "c2" , c2 tie oe t,o }, 
* soft carriage returns. \n\n is printed as { "cco" | ce She via yo 
* two hard carriage returns, however. { "ce", ce oe ee ys 
* N == 2 like N==1 except that single carriage { "cf" , cf ote Be > eee I 
* returns are replaced with space characters. { "ch", ch fDi, ee y, 
* { "om" cm 0 - } 7 tent } F 
* Note that you'll also want to do the following: { "cu" : cu : Lik es i 
* { "da" da 6 1 te } 
Ee Do! 6 \"" No page offset { "dp" : dab ; 0, 1 ; uu a 
* -bd \x02 \x02 \". °B-for bold { "dew , de jo Ege chee? . 
x) fue NKLS Axis \" *S for underline { "qf" | af “eer, pee }, 
* .,od \x18 \x18 \" *X for overstrike { "ai" , di = 0d i ee hs 
x / { "ds" 3 ds geek , oe ie 

{ “dt uw ; at ; i 1 Z "Oo u } = 

Wordstar = num; { "ec" , ec . Oe ae a r 

} { "el" |, el go OO hp bs 

{Fem ., em ee ee a is 

fete et | ae ae a, ae) ee ge { "eo" eo =. pera ae 
* List of legal commands. Command names must be listed in { “eyt ; ev dete }. 
* alphebetical (ASCII) order. The subroutine pointed to by { "ex" | ex 20k Ese ee te 
* the “rout" field is called when the command is recognized. { “fiw | fi Sti. t ee ¥ 
* Command format types (column labeled “tp"™ below) are: { “fee | ft Fae ee i }, 
* { “hat ‘ hd ges 1 > ee bi 
x Type Ds Ex [<sir>] default used for <str> { “hy" , hy Lhe ie ee }. 
* Type l: xXx N [<stxr>] default used for N { “igh , id te A ee yi: 
* Type 2: .xx <str> N [<tail>] default used for N { "ie" , te So pee }, 
* Type 3: “X4-S1SCE> ‘<ESer> default used for <lstr> { "if" | iff 35°64," be 
* { "ig" ig ¢ 0, 1 4 ta . 
* If the default field is empty ("") it is passed to the (“ine sy ne ee % 
* subroutine as an empty string in type 0 and 1 commands 
*x 


and as a 0 in type 1 and 2 commands. 


d you like 
copy protection and 


customer satisfaction? 


here's a better way to protect your software. 
It’s called the Secom Key, and it works. 


L) The Key is completely transparent to the 
end user. 


_} Won't interfere with peripheral operations. 
(_} Doesn’t occupy the disk drive. 

) The Key allows unlimited backup copies. 
} Makes site licensing easy and auditable. 
_) Fasily installed. Uses only 1000 bytes. 

} Over 60,000 have been sold worldwide. 
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_) Available in quantities for as low as $19.95. wager acai isawwy Heelies: 


Call Toll-free 1-800-843-0413 


or more information, contact 
Secom Information Products Co. 
OS SC*D, 00 Franklin Square 


1829 East Franklin Street 
Chapel Hill, NC 27707 


The Secom Key... 
for real 
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protection. 
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{ uit ¥ Te . oe a. 7 mu - 
{ tic" a le ; i; 1 : uo }, 
{ wy 7" z ahs | : i, li : ugg }; 
Cirae: oe ls SER yk ing! ee y; 
{ mate ; ee i t. 1 i uggu }, 
oe - = ; Z : me be 
u u > m ; * 7 me 7 
tm" > mL d G, 1 J ue We 
Nhat 5 na é 0, 1 . ue he 
1. np", nb go iy ee ig i. 
{ Mine" e ne . i nf 3 ape : by 
{ Mnf" 7 nf _ 0, a . atu by 
( éone. ai eee 7 SQL Compatible Query System adaptable to any 
oe - to tS Y operating environment. 
{ Mtns > ns ; 0, 1 r tre hE 
{ Noa" , od ae Fe: hy COL Query System. A subset of the Structured 
; weg = a ee ie English Query Language (SEQUEL, or SQL) 
{ "pc", pc a ee i, developed by IBM. Linked files, stored views, 
tot r e ay : r ee) bs and nested queries result in a complete query 
("pte | pt Daeg oe i capability. File system interaction isolated in an 
(urd, rd ‘ Be 5 , "\007" L/ interface module. Extensive documentation 
Smee" ea) ae ee . guides user development of interfaces to other 
wrs® 5, rs A re A ae ? record oriented file handlers. 
"so" * so 3 0, + ‘ we hag 
{ Ws u > sp ‘i ae uD ; “ype i 
fussn 2 = es eae , Portable Application Support System 
{ “tal 5 Ew : 0, 1} 3 aut he 
Wt ~ U6 ; ei - - 0, 1 7 uo ‘ 
wean ; tk piigee 7 *Or i Portable Windowing System. Hardware 
{wtlv , tl nD S ya ST be independent windowing system with borders, 
ieee <* rs Ne aa 4 attributes, horizontal and vertical scrolling. 
Chae: 3 ul ¥ tye 5 SE . User can construct interface file for any 
coe : var a: Allee 2 hardware. Interfaces provided for PC/XT/AT 
(“wh | wh iat; : (screen memory interface and BIOS only 
( Mws" , ahs et Be ; interface), MS-DOS generic (using ANSI.SYS), 
ole! 4 nee. tea a 4 Xenix (both with and without using the curses 
Is interface), and C-library (no attributes). 
int Ctabsize = (sizeof(Cmdtab) / sizeof(*Cmdtab)); Screen 1/0 Report and Form Generation 
Seed Lkniine Tewcniveakx Systems. Field level interface between 
Listing One 5 y application programs, the Query System, and 
8 the file system. Complete input/output — 
formatting and control, automatic scrolling on 
screens and automatic pagination on forms, 
Bf wh cn a gnc tendons process intervention points. Seven field types: 
2; * STAT.C Statistics routines: 8-bit unsigned binary, 16 bit signed binary, 16 
me bit unsigned binary, 32 bit signed binary, 
i } newsample(n ) eee sample to the mean/average monetary (based on 32 bit binary), String, and 
6| * running_mean() Returns the running mean of the samples. date. 
7| * true_mean() Returns the true mean of the samples. 3 
8| * deviation() Returns the standard deviation from the Including Source Code 
ar; = running mean. 
10| * reset_mean(n) Resets everyting to 0. ‘n' is the boxcar $395 00 
131° > * length that will be used for subsequent R 
i” = samples. If n is 0, the default length of 
13] * 4i d. : : ; 
ot 5 use File System interfaces include 
151 C-tree and BTRIEVE. 
16| #define DEF_BOXLEN 4 
17| 
18| static unsigned long Average = 0; HARDWARE AND FILE SYSTEM 
19| static unsigned long Numnums = 0; INDEPENDENT 
20} static unsigned long Mean total = 0; 
21| static unsigned long Mean = 0; 
22| static unsigned long Dev_total = 0; 
23| static unsigned long Dev = 0; ‘Ku 
24| static unsigned int Boxlen = DEF BOXLEN ; URTZBERG 
Bi hc. Pat ato Ogee SL 5 GomPuUTER OYSTEMS 
27\| 
= void newsample(n } 4l -19 BELL BLVD. 
291 { 
30| /* Add a new point into the various mean and deviation BAYSIDE, N.Y. 11361 
31] * variables. 
32| */ 
33 | VISA/Master Charge accepted 
34] register unsigned long dif; (718) 229-4540 
35| 
36| Average += n; 
a : ane agile *C-tree is a trademark of FairCom 
a : * ti da i ad 
mr pears += ar : ee a ee IBM, SEQUEL, PC, XT, AT are trademarks of IBM Corp. 
41| Mean = Mean total >> Boxlen; MS-DOS and Xenix are trademarks of Microsoft Corp. 
eet COL and the COL Logo are trademarks of Kurtzberg Computer 


(continued on next page) Systems, 
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Listing One (Listing continued) 


43| 
44] 
45| 
46| 
47| 
48 | 
49| 
90 | 
51] 
52] 
53 | 
54] 
55 | 
56| 
57 | 
58 | 
59} 
60| 
61} 
62| 
63 | 
64| 
65 | 
66| 
67 | 
68 | 
69| 
70 | 
71) 
72| 
73 | 
74| 
75| 
76] 
77| 
78) 
79| 


80] 
81] 
82| 
83 | 
84| 
85| 
86| 
87 | 
88 | 
89| 
90 | 
91} 
92) 
93 | 
94) 
95 | 
96| 
97 | 
98 | 
99} 
100| 
101| 
102) 
103] 
104| 
105| 
106| 
107| 
108 | 
109| 
110] 
111] 
112) 
113] 
114] 
115] 
116] 
117| 
118] 
119] 
120] 
121] 
122] 
123| 
124] 
125] 
126] 
127) 
128| 
129] 


dif = abs( Mean - n ); /* Distance to point */ 
dif wes Gils S /* square it. */ 
Dev_total -= Dev; /* find average 

Dev_total += dif; /* difference “7 


Dev = Dev_total >> Boxlen; 


[ *a--------------- --- = --- = -- -- +--+ et / 


int running mean () /* Return the current running mean */ 
{ 


return Mean; 


[ 8 mmm men mn en ce a a ene a nt / 


int true _mean() /* Return the current true mean */ 


{ 
return Average / Numnums; 


[Bm n nnn ene ean a ne nna t / 
int deviation() /* Return the current standard «/ 
{ /* deviation from the running mean. */ 


extern double sqrt (); 
return (int) sqrt( (double)Dev ); 


[9 wovnommenmn en enenes eceernre om een es anne a a eee en tf 


void reset_mean( boxcar val ) 
{ 
/* Reset various global variables to their initial 
* values, “boxcar val" is used for the boxcar 


* width. It is a shift value, not a true width. If 
* it's 0, the default value of 4 is used instead, 


*/ 
Average = 0; 
Numnums = 0; 
Mean total = 0; 
Mean = 0; 
Dev total = 0; z 
Dev = 0; 
Boxlen = boxcar_val ? boxcar_val : DEF_BOXLEN ; 
} 
|B mmm mm ene ee ae a ee ee / 
#ifdef MAIN 
#define NUMSAMPLES 50 
test ( how ) 
{ 
a how = 0 Straight line. 
* how = 1 Triangle 
how = 2 Random 
*/ 
int i, j, count, m, a, d, dir =1; 


for( count = 0; count += dir; ) 


{ 
if( count == NUMSAMPLES ) 


dir = -1; 
newsample( i = (( how == 2 ) ? (rand() % NUMSAMPLES) : 
( how == 1 ) ? (count +58 
(NUMSAMPLES / 2 133 


m = running mean(); 
d = deviation() 
a = true mean () 


se 


=e 


for( j = 1; j <= NUMSAMPLES; 4++ ) 
{ 
if( j>i && j>m && >a ) 


break; 
if (3 =i) printf("*"); 
else if ( j ==m) printf ("m"); , 
else if ( j == a) printf ("a"); 
else printf(" "); 
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130 | printf ("\n"); 

131] } 

132 {= 4 

133] 

L134] /t¥e wen we ee ne ew Ke em we ee er eer eee er eee “y 

135] 

136| main() 

437{ -{ 

138 | char buf (80); 

139] int how; 

140| 

141] reset_mean( 4 ); 

142| test¢{ 0}? 

143 | printf ("Straight line with length 16 boxcar\n\f£"); 

144| 

145] reset_mean( 2 ); 

146| test( 1)? 

147] test (1 ); 

148 | printf ("Triangle wave with length 4 boxcar\n\f"); 

149| 

150 | reset_mean( 4 ); 

151] test({ 1)? 

152] test (1 )? 

153 | printf ("Triangle wave with length 16 boxcar\n\f"); 

154] 

155| reset_mean( 6 ); 

156| test( 1 ); 

157| test( 1 )7 

158 | printf ("Triangle wave with length 64 boxcar\n\f"); 

159] 

160 | reset_mean( 2 ); 

161 | testt 2 }3 

162| printf ("Random input with length 4 boxcar\n\f"); 

163 | 

164 | reset_mean( 4 ); 

165| test ( 2 )3 

166| printf ("Random input with length 16 boxcar\n\f"); 

167| 

168 | reset_mean ( 6)? 

169| test ( 2 )7 

170} test t 2°}? 

171] printf ("Random input with length 64 boxcar\n\f£");7 

Ls24 

173| #ifdef NEVER 

174| 

175| while( 1 ) 

176| { ’ 

177 | printf( “triangle, random, or linear (r/t/1)?" ); 
wei gets( buf ); 

179| 

180| how = ( *buf == 'r' ) ? 2: ( *buf == ‘'t' ) ?1: 0; 

181] 

182| printf (“Boxcar length? "); 

183 | gets( buf ); 

184| test ( atoi(buf), how ); 

185| } 

186| 

187| #endif 

188| } 

189| 

190| #endif End Listing One 


(Softstrips are on page 101.) 
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TRANSFER DATA BETWEEN OVER 
600 DIFFERENT COMPUTER SYSTEMS _ 
WORD PROCESSORS TOO 
QUICK TURN-AROUND 
PRICES FROM $9 PER DISK 
CALL OR WRITE FOR YOUR 
FREE CATALOG 
PORT-A-SOFT 
555 S. STATE ST., SUITE #12 
P.O. BOX 1685, OREM, UT 84057 
801) 226-6704 
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PC-DOS program 
lets your PC 

Read/Write/Format 

over 300formats 


S<ENOLDEY PG 


ty Fred Cisin 


$79.95 + $5.00 S/H Sales Tax if CA. 


Upgrades available from previous versions 
Ask about FREE CP/M emulator! <4 
To Order Contact: 


S<ENGSUErT 


1454 Sixth Street, Berkeley, CA 94710 


Same (415) 525-3113 Ge 
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Subscription 


Problems? 
No Problem! 


iS 


Give us a call and we'll 
straighten it out. Today. 





Outside California 
CALL TOLL FREE: 800-321-3333 


Inside California 
CALL: 619-485-6535 or 6536 
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MEERA 
Power Graphics 
for your PC! 


PC TECH JOURNAL 


“Product of the Month" 
",.. 4 technological tour de 
force for fast PC aravhics." 


NO ROYALTIES! 








MetaWINDOW is the advanced high 
performance graphics toolkit which 
breaks the barrier between low-level 
gtaphic primitive libraries and 
pre-packaged window managers. 






PC MAGAZINE 


".. the only way | know to do 
advanced graphics from Turbo 
Pascal.” 

"... testing has found it fast and 
reliable." 





Jeff Duntemann 


"MetaWINDOW is written in 
hand optimized assembly code 
and is very fast. It is virtually 
bug free, and the manufacturer 
has been very responsive to 
questions. If you intend to do 
any graphics work at all, you 
must have this product." 


PC TECH JOURNAL 


"... Solves many problems that 
bedevil graphics sotware develop- 
ers: non-standard hardware, high 
library cost, poor documentation, 
license fees, and confining 
license agreements. For proprie- 
tary graphics, this product may 
be the only choice.” 

",.. OUut-Borlands Borland's own 
Turbo Graphics Toolbox." 

".. one high-powered piece of 
artillery." 









‘MetaWINDOW includes over 200+ 
_ graphic drawing and windowing functions 
oh 








aphics Windowing Toolkit 
| manuals - $185 





atures of MetaWINDOW 
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Inside the IBM PC, 
and the Peter Norton 
Programmer's Guide. 


Direct from the 
man who gave you 
The Norton Utilities, 















Peter Norton Computing, Inc., 2210 Wilshire Boulevard, 
































Brand New From Peter Norton 
A PROGRAMMER’S EDITOR 


that’s Aghtning fast with the hot 
features programmers need 


=NORTON 








Editor.” 








Santa Monica, CA 90403, 213-453-2361. Visa, 
Mastercard and phone orders welcome. 


The Norton Editor™ is a trademark of Peter Norton Computing, Inc. C 1986 Peter Norton Computing 
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HELP 


HELP/Control™ — an on-line help system for the IBM-PC. HELP / Control includes HELP/Runtime, 
HELP/Popup and our help screen compiler. 


1s at hand 


With HELP/Runtime, a few simple subroutine calls add context sensitive on-line help to your 
application. HELP/Runtime includes tested interfaces for C (Microsoft and Lattice), Pascal 
(Microsoft and Turbo), IBM BASIC (Interpreter and Compiler), Microsoft FORTRAN, COBOL (IBM and 
Realia) and assembler. 


Use our concise screen definition language to build your help files. You define the bold Captions on 
your help screens and specify the links to other screens. If you have existing documentation files, we 
Supply a program which automatically marks them up to get on-line quickly. You can put an entire 
user or reference manual on-line, completely accessible to the user at all times. 


HELP/Control also includes HELP/ Popup, which provides memory resident access to your custom 
help screens. Use it to document dBase and 123 applications. HELP/Popup uses the same help files 
as HELP/Runtime and operates the same from the user's point of view, allowing you to provide a 
consistent on-line environment across diverse applications. 


The complete package (software, on-line manual, printed manual, and demo programs) costs 
$125.00 and includes a royalty-free license to add HELP/Runtime to your applications anda license 
to make 25 copies of HELP/Popup. A demonstration diskette, including the on-line manual, costs 
$15.00. To order, or for more information (including dealer, multiple-copy and site-license pricing) 
call MDS at 207/772-5436. We accept MasterCard and VISA. 


New options with release 1.20: 


* Use Dan Bricklin’s Demo Program to build your help system. Our translator turns itinto a 
HELP/Control source file. 


* Include graphics in your help screens. 





e Mouse support. 


14> 






MDS, INC., P.O. Box 1275 PORTLAND, MAINE 04104 
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This is the program- 
mer’s editor that I wished 
I'd had when I wrote my 
Norton Utilities. You can 
program your way to 
glory with The Norton 


Pein Newer 
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Both of these Soft- 
strips by Cauzin Sys- 
tems contain com- 
plete versions of 
Listing One for this 
month's C Chest. The 
strip on the left is in 
high-density format, 
and the one on the 
right is in medium 
density. 
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COLUMNS 


Crear 


Statistical Applications of Digital Low-Pass Filters, 


Exec Bug in Microsoit C 


T: keeping with this issue’s dual 
theme of music and scientific pro- 
gramming, this month’s C Chest looks 
at a set of subroutines that have appli- 
cations in both worlds. 

Two of the more useful statistical 
functions are the arithmetic mean 
and standard deviation from that 
mean. Given some set of data points, 
the mean is just the average value of 
the points. The standard deviation is 
the average distance from the mean 
to the various data points. To be more 


precise, it’s the square root of the 


arithmetic mean of the squares of the 
distance of each data point from the 
mean. The standard deviation is usu- 
ally used as a measure of the disper- 
sion of the various points around the 
mean—a sort of average-error indi- 
cation—the higher the standard devi- 
ation, the larger the average error. In 
other words, it tells you how close 
the real data is to the average, or ex- 
pected, value. 

Computing a true mean and stand- 
ard deviation can be quite difficult, 
especially if the number of data 
points is large or if these points have 
large values. It’s easy to run out of 
precision because you have to sum all 
the points in the input sample before 
you can divide. Moreover, you can’t 
compute either the true mean or de- 
viation until you've collected all the 
data points; you can’t do it on the fly. 
Fortunately, there are ways to ap- 
proximate the mean and deviation 
that don’t have these limitations. I'll 





: by Allen Holub 


look at one of these here—an expo- 
nential smoothing function, or digital 
low-pass filter. 

All sounds, regardless of the wave- 
shape, can be broken up into the sum 
of a series of sine waves. The lowest- 
frequency component is the funda- 
mental, and the higher-frequency 
components are called harmonics, or 
Partials. A low-pass filter removes 
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the higher-frequency components 
from a particular sound and leaves 
the lower-frequency ones intact. 
Most stereos have a low-pass filter 
built into their tone controls. When 
you turn the treble control all the 
way down, all the high-frequency 
components of the sound are re- 
moved, leaving only the low-fre- 
quency components. 

Mathematically, a low-pass filter is 
a ‘leaky integrator.” It computes the 
integral, not of a whole curve, but of 
the most recently seen parts of the 
curve. You can look at an integral as 
thé area under the curve—the area 
of a shape bounded on one side by 
some function and on the other by 
the x axis. Consequently, you can get 
a good approximation of the integral 
from a set of discrete, equally spaced 
points by summing all the distances 
from the x axis to the points. That is, 
if you consider each point to repre- 
sent a box whose height is the dis- 
tance to the curve and whose width 
is 1, the area of each box is the height 
and the total area is just the sum of 
the heights. If the distance between 
the points is not 1, you can compen- 
sate by multiplying the sum by the 
actual distance. 

To use the integral as a low-pass fil- 
ter, you limit the range of the integra- 
tion, including in the sum only those 
points in an n-point wide window. 
The wider the window, the lower 
the cutoff frequency of the filter. 
That is, when a larger part of the 
curve is included in the sum, the 


-parts of the curve that change fastest 


(the higher-frequency components) 
tend not to affect the sum as much as 
the components that change more 


slowly. Returning to statistics, the 
value of the arithmetic mean is just 
the integral divided by the number of 
points. 

For those of you who are electroni- 
cally inclined, a standard low-pass fil- 
ter circuit is shown in Figure 1, page 
105. If Rieak is removed, this circuit is 
an integrator. That is, the various 
voltages present in the input will all 
be summed in the capacitor, C. If the 
input is positive, the capacitor is 
charged; if the input is negative, the 
capacitor is discharged. The integra- 
tor has been modified, however, by 
putting a leakage resistor (Rjea,) 
around the capacitor. This resistor 
causes the capacitor to discharge 
slowly, even when there’s no input. 
The value of the resistor determines 
the rate of discharge, which in turn 
determines the width of the 
window. 

Digital low-pass filters can be im- 
plemented in several ways. The most 
straightforward is actually to aver- 
age some set of contiguous input 
points. Every time you acquire a new 
input point, you discard the oldest 
point, add the new one, and refigure 
the average. The more points that are 
included in the average, the lower 
the cutoff frequency. A fixed-length 
circular queue is a good choice of 
data structures. You can treat it as a 
queue when you insert new points 
and as an array when you average 
the points. This method, called a box- 
car average, isn't too useful in prac- 
tice, however. It’s just too hard to 
keep all those points around, add 
them up, and then divide by the 
number of points every time you get 
anew input sample. 

A more practical method that is 
similar to a true boxcar average is ex- 
ponential smoothing. It’s best ex- 
plained with an example. Say you 
have a length-16 boxcar. Every time 
you get a new input sample, you sub- 
tract 1/16th of the current value 
from the average and then add 


Dr. Dobb's Journal, May 1987 











C Programmers! 
db_VISTA: high-speed Database 
written exclusively for C 

NOW offers SQL-based Query 


“db_ VISTA™ has proved to be an all-round high performer in terms of fast execution...” 
John Adelus, Hewlett-Packard Ltd./Office Productivity Division 


Pi igh-speed data retrieval and access... 

just two benefits of using RAIMA’s network 
model DBMS, db_VISTA. Combine these 
benefits with those of C—speed, 
portability, efficiency, and you begin to 
understand db__VISTA’s real measure... 
performance. 


db_QUERY ': new simplicity 
retains performance! 


db__QUERY, our new C-linkable, SQL- 
based, ad-hoc query and report writing 
facility ... provides a simple, relational view 
of db__VISTA’s complex network database. 
No longer will you give up performance for 
simplicity ... combine db_ QUERY with 
db_ VISTA ... you have both! 


Independent Benchmark proves 
High-Speed model 2.76 times faster 


An independent developer bench- 
marked db_VISTA against a leading 
competitor. Eleven key retrieval tests were 
executed with sequentially and randomly 
created key files. 


*Result of 11 Key Retrieval Tests 


db_ VISTA :671.24 seconds 
Leading Competitor :1,856.43 seconds 


db_ VISTA’s high-speed network database 
model lets you precisely define relation- 
ships to minimize redundant data. Only 
those functions necessary for operation are 
incorporated into the run-time program. 


Application Portability 
Complete Source Code 


For maximum application portability, 
every line of db__VISTA’s code is written in 
C and complete source code is available. 
db_VISTA operates on most popular 
computers and operating systems. So 
whether you write applications for micros, 
minis, or mainframes...db__VISTA is for 
you. 


How db_ VISTA works... 


Design your database and compile your 
schema file with the database definition 
language processor. Develop application 
programs, making calls to db_VISTA’s C 
functions. Edit and review your database 
using the Interactive Database Access 
utility. Compile and link your C program 
with the db_ VISTA run-time library, and 
your application is ready to run. 


Multi-user and LAN capability 


Information often needs to be shared. 
db_ VISTA has multi-user capability and 
supports simultaneous users in either 
multi-tasking or local area networking 
environments, allowing the same C appli- 
cations to run under UNIX, MS-DOS, and 
VAX VMS. 


NRAIMA’ 


CORPORATION 


High-Speed Programming Tools, 
Designed for Portability 


Royalty-Free Run-Time 


Whether you're developing applications db VISTA Version 2.2 
for a few customers, or for thousands, the ae : 
price of db_VISTA or db_ QUERY is the Features 
same. If you are currently paying royalties ¢ Multi-user support allows flexibility 
for a competitor's database, consider to run on local area networks 
switching to db_VISTA and say goodbye to ¢ File structure is based on the B-tree 
royalties. indexing method and the network 
database model 
FREE Technical Support + Run-time size, variable—will run in 
For 60 days as little as 64K, recommended RAM 
Raima’s software includes free telephone size is 256K 
support and software updates for 60 days. ¢ Transaction processing assures 
Technical support personnel are available multi-user database consistency 
to answer questions about our software or ¢ File locking support provides read 
yours. and write locks on shared databases 
¢ SQL-based db__ QUERY is linkable 
30-Day Money-Back Guarantee ¢ aur apoE mer included for 
optiona 
Try db_VISTA for 30 days and if not fully + Royalty-free eiecune distribution. 
satisfied, return it for a full refund. ¢ Source code available. 
Price Schedule Database Record and File Sizes 
db_VISTA db_ QUERY ¢ eget eet .- limited only 
es. y accessible 
bs Single-user $ 195 $ 195 ¢ Maximum records per file is 16,777,215 
= Single-user w/Source $ 495 $ 495 ¢ No limit on number of records or set 
= ia w/Source $ 990 $ 990 ¢ Maximum file size limited only by 
: ilable disk storage 
© VAX Multi-user $ 990 @ 990 Mac ; 
“VAX Multi-user wSource $1980 $1980 a abe ne vai aa ae 
Keys and Sets 
Call Toll-Free Today! ¢ Key length maximum 246 bytes 
1 (800) db-RAIMA ¢ No limit on maximum number of key 


(that’s 1-800-327-2462) fields per record—any or all fields 


may be keys with the option of 

---OR Call 1-206-828-4636 making each key unique or duplicate 

¢ No limit on maximum number of 
fields per record, sets per database, or 
sort fields per set 

¢ No limit on maximum number of 
member record types per set 


AE, : — | 
ae ‘SRO 


- 


Read what others say... 


‘If you are looking fora sophisticated C Operating System 
programmer's database, db_ VISTA is it. It & Compiler Support 
lets you easily build complex databases ¢ Operating systems: MS-DOS, PC- 
with many interconnected record types. DOS, UNIX, XENIX, SCO XENIX, 
Raima’s customer support and documen- UNOS, ULTRIX, VMS _ 
tation is excellent. Source code availability + Ccompilers: Lattice, Microsoft, IBM, 
and a royalty-free run-time is a big plus.” DeSmet, Aztec, Computer Innova- 
Dave Schmitt, President tions, XENIX and UNIX 
Lattice, Inc. Utilities 
‘‘My team has developed a sophisticated + Database definition language processor 
PC-based electronic mail application for + Interactive database access utility 
resale to HP customers. db_ VISTA has + Database consistency check utility 
proved to be an all-round high performer + Database initialization utility 
in terms of fast execution, flexibility and ¢ Multi-user file locks clear utility 
portability, and has undoubtedly saved us ¢ Key file build utility 
much time and development effort.’ ¢ Data field alignment check utility 
John Adelus, Hewlett-Packard Ltd. ¢ Database dictionary print utility 

Office Productivity Division ¢ Key file dump utility : 
‘On the whole, I have found db_VISTA ¢ ASCII file import and export utility 
easy to use, very fast with a key find, and 
powerful enough for any DBMS use I can *The benchmark procedure was adapted from 
imagine on a microcomputer.’ ‘Benchmarking Database Byetess A Gyetema te 
Michael Wilson, Computer Language ABT OSD ye Re ne 


Call Toll-Free Today! 
1 (800) db-RAIMA 


(that’s 1-800-327-2462) 


3055-112th Avenue N.E. ¢ Bellevue, WA 98004 USA ¢ (206) 828-4636 Telex: 6503018237 MCI UW 





LSGdd 









Dr. Dobb's 
Listings #1 


JANUARY—APRIL 1986 
January Issue #111 

“A Simple OS for Realtime 
Applications; 68000 
Assembly Language 
Techniques for an 
Operating System Kernel” 
by DDJ editor Nick Turner. 
February Issue #112 

“Data Abstraction with 
Modula-2” by Bill Walker 
and Stephen Alexander 
March Issue #113 
“Concurrency and Turbo 
Pascal: An Approach to 
Implementing Coroutines 


in Pascal” by E. Bergmunn. 


April Issue #114 

“Boca Raton Inference 
Engine; Lsp, Prolog, and 
Expert 2 Techniques and 
Code” by Robert Brown. 
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May Issue #115 
“Simple Plots with the 
Enhanced Graphics 
Adapter” by Nabajyoti 
Barkukati. 

June Issue #116 
“Compuserve B Protocol” 
by Steve Wilhite. 

July Issue #117 
“Structured Programming; 
Tiny Tools, Array-Defining 
Words” by Michael Ham. 
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“Structured Programming; 
Generic Routines in Ada 
and Modula-2. Extended 
For Loop” by Namir 
Shammas. 
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You may also receive on disk 
all the source code for articles 
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Macintosh, Kaypro. 
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C CHEST 
(continued from page 102) 


1/16th of the new sample’s value to 


the average. In pseudocode: 


Width = 16; 

while(1) 

{ 
Boxcar -= Boxcar / Width; 
Boxcar + = input() / Width; 


} 


Because you're always subtracting 
1/16th of the current boxcar, the con- 
tents change exponentially. (Think 
about what happens if all the input 
samples suddenly go to zero; the val- 
ue of Boxcar will decrease by 1/16th 
of its former value every time 
through the loop.) Figure 2, below, 
shows a simple case that demon- 
strates the exponential aspect of the 
algorithm going in the other direc- 
tion. I’m using a length-16 boxcar, 
and the input set defines a straight, 
horizontal line (marked with aster- 
isks). The mean (marked with ms) 
starts out at 0 and gradually (expo- 


nentially) converges on the input 
line. If the boxcar had been smaller, it 
would have converged faster. 

You'll notice a few similarities be- 
tween this algorithm and the elec- 
tronic equivalent in Figure 1. In par- 
ticular, Width takes the place of Rieax 
in the circuit. That is, changing the 
width of the window effectively 
changes the cutoff frequency of the 
filter. If Width is 1, there will be no 
filtering; the input will just pass 
through to the output. When Width is 
16, no change in the input that hap- 
pens in fewer than 16 samples will 
make it through to the output. That 
is, only those changes in the input 
that happen more slowly than the 
rate at which the average changes 
will make it through to the output. 

Exponential smoothing can be im- 
plemented naively using the above 
algorithm, but as in most such algo- 
rithms, a little thought gives you both 
more efficiency and more accuracy. 
There are two changes that are easy 
to make. First, by limiting the boxcar 
length to a power of 2, you can re- 
place the divides with right shifts. 


Second, rather than have the Boxcar 
variable hold the mean itself, you can 
make it hold 16 times the mean, 
thereby eliminating one of the di- 
vides and giving you better precision 
at the same time. The modified algo- 
rithm is: 


while(1) 
Boxcar -= Mean; 
Boxcar + = input(); 
Mean = Boxcar >> 4; 


The boxcar is updated with every in- 
put sample. The mean is computed 
by dividing Boxcar by 16. (A right 
shift of 4 bits is a divide by 16.) When 
you subtract Mean from Boxcar, 
you re effectively subtracting 1/16th 
of the mean from itself. You don’t 
loose any precision here, though, as 
you would if you divided before 
subtracting. 

Now let’s apply the boxcar algo- 
rithm in a digital-filter application. 
Figure 3, page 106, shows the algo-. 
rithm being used on a triangle wave. 
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Figure 2: Behaviour of an exponential smoothing function on a straight line 
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Get 
(continued from page 105) 


The input data is the same in all three 
parts of the figure, but the length of 
the boxcar is different. In all three 
cases, the input is marked with aster- 
isks, the boxcar average with side- 
ways ms, and the true average (arith- 
metic mean) with sideways as. The 
input data contains 100 points per 
cycle (200 points in the entire graph). 
Figure 3a shows a boxcar of length 4. 
Here there’s not much to see. The 
points on the input triangle are slight- 
ly rounded, but that’s about it. It’s in- 
teresting to note the slight phase shift 
between the input and output. This 
phase shift is also a characteristic of 
analog low-pass filters (built with ca- 
pacitors, resistors, and such). It’s 
caused by the amount of time re- 
quired to charge the capacitor in the 
analog filter. In the digital equivalent, 
it’s the amount of time needed for the 
mean to ramp up to the output value. 
So, you'd expect the phase shift to in- 
crease as the width of the boxcar (or 
the value of the capacitor) increases. 

Figure 3b shows the same input, 
now being filtered with a length-16 
boxcar. Here the effect of the filter is 
noticeable. Most of the high-frequen- 
cy harmonics of the triangle have 
been removed, leaving something 
very close to a sine wave represent- 
ing the fundamental. Note that the 
phase shift has increased with the 
amount of filtering, just as expected. 

In Figure 3c, I’m using a length-64 
boxcar. Pretty much all the harmon- 
ics now have been removed, and I’ve 
just about eliminated the fundamen- 
tal, too. If I were to increase the box- 
car length to 100—the number of 
points per cycle in the input—then 
I'd filter out the fundamental entire- 
ly, leaving a straight horizontal line. 
It makes sense if you think about it. If 
you average a complete cycle of a 
sine wave, there will be a negative 
point to match every positive point, 
so the average over the entire cycle 
will be zero. 

So the cutoff frequency of the low- 
pass filter is a function of the sample 
rate (in data points) and the width of 
the boxcar. The wider the boxcar, the 
lower the cutoff frequency. When 
the boxcar has the same number of 
points in it as a sine wave of a particu- 
lar frequency, that frequency won't 
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make it through the filter at all. Com- 
puting the actual cutoff frequency of 
a digital filter—one that’s not a nice 
power of 2, for instance—is nontrivi- 
al, however. If you're interested, 
there’s a good description in Hal 
Chamberlin’s book (cited in the bibli- 
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Figure 3b: Length-16 window 


Figure 3c: Length-64 window 
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ography), pages 481-495. 

Now, let’s bring all this back into 
the realm of statistics. Looking again 
at Figure 2, because the input data isa 
horizontal straight line, the arithme- 
tic mean is the same straight line. 
Consequently, in this example the 
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boxcar average is converging on the | true mean (toward the right side of | boxcar is tooshort, you end up witha 
true mean exponentially andreaches | the graph). In fact, this characteristic | digital filter that never converges, as 
it after about 50 points are processed | is generally true. A boxcar average | in Figure 2a. Here the boxcar just 
(there are 100 points in the graph). will converge on the arithmetic | tracks the input data without ever 

Looking at Figure 3c, the same | mean given enough input points. The | approaching the mean. So you have 
thing is happening. The boxcar aver- | shorter the boxcar, the faster it con- | to do a balancing act. The longer the 
age is converging gradually on the | verges. Note, however, that if the | boxcar, the closer you'll get to the 
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boat. Your best source for 


best names in software. 
ADVANTAGE Link HALO 


The fastest, most powerful PC-DOS — HALO, since 1981, the industry 
linker available, and the first to standard library of graphic sub- 
take full advantage of EMS. Accepts routines. HALO has the largest in- 
: Microsoft and Phoenix com>, _ stalled base of end-users and more 
ae ; ene Bran ISV’s than any PC graphics soft- 
ADVANTA GE C fo le compatible with Micro- pwr’ ~—s ware environment. Why? Because 
soft CodeView. ofl... ae stows with i ee 
This new object-oriented language nor, onstantly improved, H now 
lets you develop large and oe ex VEDIT PL US supports 1 ee eh ance oid 
rograms with greater resilience, guages and over evices. 
fewer bugs. Write reliable, re- For years, thousands of program- Media Cybernetics offers HALO 
usable code that is easier to mers have depended on VEDIT. If programmers professional sup- 
understand and maintain. Fully you take your editing eee port, practical licensing and the 
compatible with existing C pro- take a good look at the all-new continuing commitment to assure 
grams and tools. All the benefits of VEDIT PLUS. a | that HALO will always be one of 
C without its limitations. Available Open windows to simultaneously the most effective graphic 
for Lattice and Microsoft . aaa edit several files. Access editing toolkits 


, functions with pop-up menus. Use bial cs 
C compilers; MS-DOS Ne available. media cybernetics, inc. 
and XENIX operating keystroke macros to speed editing. 


And run other programs within 
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Systems: VEDIT PLUS — all with uncompro- TimeSlicer 

’ r mising speed, flexibility and power. _A library of C functions to create 
Lattice C Compiler VEDIT PLUS is completely cus- multitasking and real-time programs 
The latest update of the ideal tool tomizable and available for MS/PC- _at the applicationlevel rather than in- 
for developing high-performance DOS, CP/M 80/86. Ask for your terfacing with the operating system. 
MS-DOS applications in C. Full im- FREE demo/ Create, suspend or terminate tasks 
plementation of K&R C with UNIX __ tutorial disk. CompuView = at run-time. Compatible with Lattice 
and ANSI extensions. Offers the wid- C, Microsoft C, —e 
FE aoe Ny euopers age Greenleaf ADVANTAGE C+ + Pyceat. AT 
ools. Now wi ICro- a . and object-oriented ‘ | 
soft Windows support. Lattice Data Windows Eran rar icaing: ef 

“ A new concept C library containing 
Microsoft FORTRAN overlayed logical windows, ee We make the best 
New version produces smallest, action data entry and three kinds 
fastest PC code. Uses the same of menu systems. Features virtual software even better. 
optimizer and code Beneiter aa Os ded oe types, device After 10 years of publishing soft- 
the Microsoft C compiler. Full A inagependence, total screen man- hats 
FORTRAN 77 compatibility. GSA- agement and more. Simple touse,  W@/e, we know what's important 
certified to be error-free at the yet highly sophisticated. Supports to you. Our expert staff can help 
highest level. Includes advanced all major cordy lors: all models, you choose the right programs 
intrinsic math functions, Micro- auto installation. Over i 
soft’s CodeView debugger, a 125 functions, no royal- 22 and provide full technical i a 
MAKE utility, linker, library ties, source available. cen port. Count on Lifeboat for the 
manager and many . | 4 complete solution to all your 
other enhancements. Microsoft PANEL Plus . programming needs. 
dvanced screen manager with a 

Pascal-2 = screen designer, code generator _—_The,names of the products listed are generally the 
Have you reached the limits of Tur- and function libraries. Works with 
ae ears to Pascal-2 without popular graphics libraries to allow 
oss. Easy migration path from data entry in graphics —" ae a # 
Turbo with compatible strings, modes. Includes full, Baas Call T $00 847 7078 
aca a: procpaltes and access portable library source in NY 914-332-1875 
to Turbo graphics. Cut execution code. 7 ae . “i 
time by 250% over Tard. Lica ail of Nese Roe or see your local Lifeboat Affiliated Dealer 
DOS-accessible memory through The Full-Service Source for Programming Software 
efficient, large memory model. 


Speed development time with 
sophisticated error checking and re- 
porting. Call Microsoft languages. 
Plus interactive source-level de- 
bugger, error walkback, Intel CEL87 
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math library, high- 
level profiler. OREGON @ sortware 
55 South Broadway INTERNATIONAL SALES OFFICES 
Tarrytown, NY 10591 Seo Zealand: Chariton England: Grey Matter, Ltd. Italy: Lifeboat Associates Italia The Netherlands: SCOS Automation BV 
Tel “ 3 istributors Phone: (44) 364-53499 Phone: (02) 464601 Phone: (31) 20-10 69 22 
ex # 510 610 7602 Phone: (64) (09) 766-361 System Science, Ltd. Japan: Lifeboat, Inc. West Germany: MEMA Computer GmbH 
Canada: Scantel Systems Phone: (44) (01) 248-0962 Phone: (03) 293-4711 Phone: (69) 34-7226 
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Phone: (45) 30.07.37 Phone: (34) 1-262-3304 
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true arithmetic mean. On the other 
hand, a long boxcar takes more time 
to converge than a short one. If the 
boxcar is too short, you'll never 
converge. 

Figure 4, page 110, shows the box- 
car algorithm being applied to a set of 
input points randomly distributed 
around a straight line. As before, as- 
terisks are used to mark the points, 
sideways as are the arithmetic mean, 
and sideways ms are the boxcar aver- 
age. Figure 4a shows a length-4 box- 
car. Here the boxcar output jumps 
around almost as much as the input 
data, so it’s not all that useful. In Fig- 
ure 4b, a length-16 boxcar is applied. 
The boxcar converges on the mean 
after about 50 points. It still jumps 
around a bit, though. Figure 4c shows 
a length-64 boxcar. It tracks the arith- 
metic mean very closely after about 
150 samples. On the other hand, it 
takes 150 samples to get close enough 
to be useful. Note that this last exam- 
ple could be made to converge faster 
if you initialized the boxcar to the 
arithmetic mean of the first few 
points rather than to zero. 


Implementation 

All this stuff is implemented by the 
short set of routines in Listing One, 
page 97. In fact, Figures 3 and 4 are 
output from the program in Listing 
One. There are six subroutines here. 
Newsample() passes a new sample 
into the boxcar. It is called for every 
input point. Running_mean() returns 
the current value of the exponential 
boxcar average, true_mean() returns 
a true arithmetic mean, and devi- 
ation() returns an approximation of 
the standard deviation (also comput- 
ed with an exponential boxcar). Giv- 
en the distance (call it D) between any 
given sample and the true mean, the 
standard deviation is the square root 
of the average D’. 

The true_mean() function is here 
mostly to check the algorithm. It 
won't work if the sum of the input 
samples requires more precision 
than a Jong can muster. 

The boxcar average is calculated 
on lines 39-41 of Listing One, using 
the algorithm described earlier. The 
standard deviation is computed in a 
similar way. A boxcar average of the 
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squares of the differences between 
the boxcar mean and the current in- 
put sample is kept by the code on 
lines 43-48. The difference is figured 
on line 43. It’s squared on line 44 and 
then added into the running average 
on lines 46-48. The square root is tak- 
en on line 71, when the standard de- 
viation is requested. This delay saves 
you the overhead of taking a square 
root with every sample. On the down 
side, you can overflow the boxcar if 
the samples are too big. 

The final subroutine of interest is 


Exec( ) functions in 
the Microsoft C 
compiler 
don’t work correctly 
when putenv( ) 
is also used. 


reset_mean() on lines 76-85. It resets 


all the boxcars to 0, and its parameter 
can be used to set the boxcar length. 
Note that because Boxlen is used to do 
a right shift rather than a divide, the 
parameter to reset_mean() is actually 
2, raised to the boxcar_valth power. 
You may want to add a second argu- 
ment to this routine—an initial value 
of the boxcar. You can then take the 
true_mean() of the first few samples 
and use that value to initialize the 
running mean. 

You may want to make several 
other changes, depending on your 
application. First, because the true 
mean is not all that reliable, you'll 
probably just want to remove it from 
the routines. Delete the Average and 
Numnums variables and all refer- 
ences to them, including the true 
_mean() subroutine. Next, all my 
variables are unsigned longs. Conse- 
quently, I can’t keep a fractional 
mean around, and the range of the 
data is limited to the precision of a 
long. You may want to change all 
these to doubles. Finally, Boxlen is the 
number of bits to shift rather than a 
true divisor. This means that the box- 
car length is limited to powers of 2, 
which may not be enough resolution 


for you. On the other hand, it lets you 
use an efficient implementation of 
the boxcar. If you go to something 
other than a power of 2, you'll need 
to use something closer to the naive 
algorithm, introducing an extra di- 
vide into the algorithm and slowing it 
down. One final easy-to-do improve- 
ment helps with the start-up time 
and was mentioned earlier. As 
you ve seen, when left to its own de- 
vices, the algorithm converges expo- 
nentially. You can improve this be- 
havior by taking the true mean of the 
first few samples and then using the 
value of the true mean as the algo- 
rithm’s starting point, rather than 0. 


Microsoit Bug 

of the Month 

A quick note about a bug I found in 
the Microsoft C compiler, Version 4.0. 
The exec() functions don’t work cor- 
rectly when putenv() is also used in 
the same program. Memory gets 
fragmented in ways that make a sec- 
ond exec() call return with an “‘out of 
core” error status (ENOMEM). One 
way around this bug is to mimic Unix 
and write your own putenv(). Start 
out in main() by copying the environ- 
ment strings into a static array. Envp, 
an argv-like pointer to the environ- 
ment strings, is passed as the third ar- 
gument to main(). There’s no count, 
however—Envp has a NULL in the last 
entry. Once the environments are 
copied, you can add new strings to 
your own static array instead of call- 
ing putenv(). You can then exec to an- 
other program with the execve() 
function, which is passed an environ- 
ment that it in turn passes to the child 
process. Of course, if you use this 
method, you'll need to write your 
own getenv( ), too (because the default 
routine doesn’t know about your stat- 
ic array). 


Nifty Stuff 

I get a lot of stuff in the mail. Most of 
it’s not very interesting, but occasion- 
ally something useful comes along. 
Hitherto, I’ve just mentioned the 
products I’ve liked without giving 
much additional commentary, but 
I've decided to start writing slightly 
longer reviews for products I particu- 
larly like. Two such are Custom Soft- 
ware Systems’ implementation of the 
Unix vi editor (PC/VI, Version 1.11) 
and Lattice’s version of the Unix 


(CHEST and I do mean full. From the user’s | supports full visual and ex modes, 


(continued from page 109) perspective, it is identical to the Unix | macros (using both :map and :abbre- 
ao S*|séprogram. If you're familiar with the | viate), and full regular-expressions (in 
make utility (LMK, Version 2.20b). real vi, you can install PC/VI and then | both searches and ex-mode substitu- 

use it immediately, without ever | tions), and it can edit very large files 
PC/VI looking at the manual. Unlike other | (though it slows down when the file 
PC/VI is a full implementation of vi— | vi implementations I’ve seen, PC/VI | gets too large). It even has a LISP 





Figure 4: The effect of exponential smoothing on randomly distributed data. Figure 4a (abowe): Length-4 window 





Figure 4b: Length-16 window 


Figure 4c: Length-64 window 
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mode. Moreover, Version 1.11 is bug 
free as far as I can tell. (Z, the vi 
shipped with the Aztec compiler, has 
an annoying tendency to go off into 
outer space occasionally, taking your 
work with it.) The PC/VI shell escape 
works perfectly with both my own 
shell and COMMAND.COM; it gets the 
shell’s name from COMSPEC. Because 
Version 1.11 uses unique file names 
for temporary files, you can even in- 
voke PC/VI from within a shell that 
was created from within PC/VI—as- 
suming you’ve enough memory. It 
supports all the vi command-line 
switches (+number, + /pattern, -ttag, 
and so forth) and an EXINIT environ- 
ment too. 

PC/VI also supports tags, a feature 
particularly useful to programmers. 
Tags give you the ability to edit a 
large program by subroutine rather 
than by file. You first run a program 
called CTAGS, which creates a tags 
file, a cross-reference of your C pro- 
gram. You can then ask PC/VI to show 
you a particular subroutine (either 
with a :ta<file> command or with a 
Ctrl-]}), and it will automatically save 
the current file, read in the file that 
holds the subroutine, and position 
the cursor at the first line of the sub- 
routine itself. PC/VI comes with a 
CTAGS, though this program works 
only with C and assembly-language 
source files. It’s not too difficult to 
make your own tags file using a pro- 
gram such as grep, however. 

And if all this weren’t enough, PC/ 
VI is terminal independent—it’s not 
tied down to the IBM PC. It uses TERM- 
CAP files for configuration purposes 
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and even comes with a complete 
TERMCAP interface library that you 
can use in your own programs (it’s an 
object-module library that can link 
only to Microsoft C compiled pro- 
grams, though). 

Several versions of PC/VI are on the 
distribution disk (for a vanilla PC, for 
a non-PC MS-DOS computer, for a PC/ 
AT, and so forth), so you can choose 
the version that’s most appropriate 
for your application. It also comes 
with CTAGS; the TERMCAP libraries, a 
TERMCAP configuration file with sup- 
port for about 15 terminals (IBM PC, 
VT-100, ANSI, H-19, D4XX, and so forth 
as well as support for Hersey Micro 
Consulting’s FANSI-CONSOLE driver); 
and SPLIT, a utility that breaks up 
large files into smaller chunks. PC/VI 
does have one failing—it doesn't sup- 
port the !! command from visual 
mode (which executes a command 
from a subshell and then inserts the 
standard output from that command 
directly into the document). This can 
be accomplished by redirecting to a 
file from a normal :! shell escape and 
then reading the file with a :r, 
however. : 


Make 

The Lattice make, called LMK, is an 
enhanced version of the Unix make 
utility. It has all the functionality of 
the Unix program, and to my knowIl- 
edge, it’s the most powerful on the 
market (though, at $125, it’s also one 
of the most expensive). The only 
make that comes close is Polymake 
(from Polytron Software), but Poly- 
make has two limitations that grate 





after a while. I should preface my 
complaints by saying that the version 
of Polymake I’ve been using is more 
than a year old—I haven't had any 
notifications of an update, though. 

The first problem with Polymake 
is its inability to deal with subdirec- 
tories correctly—at least, it gets very 
confused when the dependencies, 
the file being made, and the makefile 
itself are all in different directories. 
The ability to deal with subdirector- 
ies is useful when you keep a large 
library directory and you want the 
sources in one subdirectory, the ob- 
ject modules in a different subdirec- 
tory, and the library itself some- 
where else again. LMK has none of 
Polymake’s limitations; it happily 
makes anything anywhere. 

The second problem with Poly- 
make is the large amount of memory 
it uses by itself when it’s working. I 
need this memory for my own pro- 
grams. Of the three makes I have 
around, Polymake performs the 
worst in this department (requiring 
almost 96K for itself); next (at 84K) is 
the make that comes with the Micro- 
soft C compiler. The best performer, 
however, is LMK, which uses only 
35K of core. (I got these numbers by 
running chkdsk from within a make- 
file.) A lot of memory is saved by the 
Lattice product's simply not execut- 
ing a shell unless it actually has to. If 
you tell LMK to run a normal pro- 
gram, it does so without the extra 
baggage of a second command inter- 
preter in memory. 

I should add as an aside that I’m 
using my own shell, rather than COM- 
MAND.COM, as a subshell to LMK. It has 
no problems with this configuration 
as it reads the shell’s name from the 
COMSPEC environment rather than 
assuming that the shell is called COM- 
MAND.COM. This capability lets me 
use my own shell’s script files from 
within make (rather than normal 
COMMAND.COM batch files). Unfortu- 
nately there’s one unnecessary, shell- 
related problem—LMK wastes mem- 
ory by invoking a shell to do 
redirection. It ought to do the redirec- 
tion itself. 


Availability 

All the source code for articles in this 
issue is available on a single disk. To 
order, send $14.95 to Dr. Dobb’s Jour- 
nal, 501 Galveston Dr., Redwood City, 


Ever Program On A Silver Platter?? 


How much would you expect to pay for a 32 bit MC 68000 computer that’s a mainframe condensed down into a 
keyboard? How about $188.00!!?? If it makes you feel any better simply add a zero to the price when you order! 
But that’s actually our price!!! The most powerful computer money can ever buy is NOW the most inexpensive com- 
puter money can buy!!! So don’t buy the name! Buy the power!! The power is not in the name! 


If you had the opportunity to work amongst Machine Code ROM Designers, VAX & UNIX wizards in a 
research laboratory, designing an MC 68000 based computer that’s 2nd to none... 


What would you come up with?? And what would you call it?? 


Well It’s Already Been Done!! 
They Called It The QL For The Quantum Leap It Is!! 


Absolutely a Quantum Leap beyond what you know & use - and it’s truly like Programming on a Silver Platter!! 





The QL Desktop Minicomputer: Designed by SRL Labs, manufactured by Samsung. An absolute Quantum Leap 
beyond all the rest! The phenomenal open architecture QDOS: with Virtual Memory RAM, Multitasking Job Con- 
trol, Multiuser Networking. It’ll Cache Files into unused Memory and create/ delete Directories Automatically! Even 
allows File Names up to 36 characters long! Everything is built into ROM here: QDOS, Networking, Windowing, & 
32 Bit SuperBasic, all in a totally concurrent non-destructive environment. Unlimited quantities & lengths allowed 
with: Variables, Program Lines, CONsoles & Buffers. Dynamic non-destructive virtual RAM Disking & Networking 
buffers too! Even a System Variables Brain Page Screen! Built-in DCE & DTE Serial Ports. 


Language Environments: 

Metacomco’s ‘‘C’’, LISP, BCPL, 68000 Assembler, APL, Development Kits. Prospero’s Pro Pascal & Pro Fortran 
77. Digital Precision’s Forth-83. QJUMP’s 65C02 or 8088 Cross Assembly ROMs. Everything generates native 68000 
Compiled Code. ROM Firmware & Software Package is now available which will even bring it up in CPM! 


Imagine working with a 32 bit SuperBasic that’s structured like Turbo Pascal, powered beyond PIC Basic, in an in- 
terpretor always present with QDOS, all concurrently running in a built-in UNIX-like multitasking job controlled en- 
vironment with access to 360 fully channeled windows, devices & files by EACH job! 3 Major Compilers already ex- 
ist for the SuperBasic source alone! TURBO, SUPERCHARGE, QLIBERATOR! The compiled SuperBasic code or 
ANY other language will multitask and control with QDOS and SuperBasic. The list of ALL the Superior Features 
would fill this entire publication! 


The QL comes bundled WITH PSION Integrated Word Processor, Spreadsheet, Database and Presentation Graphics 
Programs. PLUS: Our FREEWARE Demos & Utilities with all purchases! Plus $12 Shipping and Handling 


Technical Info & Assistance - - 
Call: (201) 328-8846 Our Phones are Manned 24 Hours a Day 
QLine BBS: 328-2919 va Lot Purchases Available. We Direct Distribute. 
Quantum Computing, Box 1280, Dover, NJ 07801 


CIRCLE 144 ON READER SERVICE CARD 








112 
Dr. Dobb’s Journal, May 1987 


C CODE FOR THE PC 


source code, of course 
Re 


C Source Code 

GraphiC 3.0 (high-resolution, DISSPLA-style scientific plots in color & hardcopy) 
Essential C Utility Library (400 useful C functions) ...............000 00084 $160 
Essential Communications Library (RS-232-based communication system primitives) 
Panache C Program Generator (screen-based database management programs) 
B-Tree Library & ISAM Driver (file system utilities by Softfocus) .. ...........4.. $100 


‘ne f tomer (program execthion prome todh)’ ie. ee ee le SE ae $100 
QC88 C compiler (ASM output, small model, no longs, floats or bit fields, 80+ function library) . . $90 
ME (programmer’s editor with C-like macro language). . . .. 2... 2 eee eee ee ee $75 
Wendin Operating Systent Construction Hit ee se Ge Se ee eae $75 


Wendin Operating System Shell (PCVMS or PCNX) .........2.8 2.22 2 eee eae $75 


EZ_ASM (assembly language macros bridging Cand MASM).................. $60 
Mage taacres, all dangeuaees, Ieuilb-in tiles) <3. ee eee ey at VS eo A ee Rs $50 
Coder’s Prolog (inference engine for use with C programs) ........... 5525550088 $45 
PC/MPX (light-weight process manager; includes preemption and cooroutine packages) ..... . $45 
Biggerstaff’s System Tools (multi-tasking window manager kit)... ...........0.4.. $40 
TELE Kernel (Ken Berry’s multi-tasking kernel) . 2... 2 1. 1. 1 1 ee we ee ee ee ew we $30 
TELE Windows (Ken Berry’s window package) . . 2 2 6 1 6 ee eee ee ee $30 
Clisp (Lisp interpreter with extensive internals documentation) ..........-++-+-++-. $30 
Translate Rules to C (YACC-like function generator for rule-based systems) ......... $30 
6-Pack of Editors (six public domain editors for study & hacking)... ......-.-.- +--+, $30 
ICON (string and list processing language, Version 6) . . . . . - eee ee ee ee ee ee ee $25 
Lee Ceti al ape onc atee So re stil Le aS SN ees LF RE Se Tt ai $25 
C Compiler Torture Test (checks a C compiler against Kernighan & Ritchie) ........... $20 
BEG Ciena Raaematen) egg ig, ra xe a a sa ca cle we ns me De By RD oy oh ee OF ee ole $20 
Small-C (C subset compiler for 8080 and 8088) ..........+-+-++-- Re nee $20 
tiny-c (C subsubset interpreter including the tiny-c BIE EMG sarge et ahh ga, a eet dedeieky acme $20 
Xlisp 1.5a (Lisp interpreter including tiny-Prolog in BM os Ne as eke ee ei ha ie et Ag, $20 
List-Pac (C functions for lists, stacks, and queues) . . - - - - / ee ee ee ee ee $20 
XLT Macro Processor (general purpose text translator) . . 2... / / eee ee es $15 
C Tools (exception macros, wc, pp, roff, grep, printf, hash, declare, banner, Paseal-to-G) 5. ja6 Ss $15 
Data 

Webster's Second Dictionary (284,982 words)... 3s 20.0 ee ee oe ie eg ee $60 
U. S. Atlas (29,000 cities with retrieval program) ... - ~~ - / ee et te ee es $40 
KST Fonts (13,200 characters in 139 mixed fonts: specify T@X or bitmap rr is an eer an $30 
The World Digitized (100,000 longitude/latitude points) . . 2. - ee ee ee te ee $30 
NBS Hershey Fonts (1,377 stroke characters in 14 fonts)... - - 1 6 ee ee ee eee ee $15 
Os SPs 415, 701 pombe), 3 din ee oe i Ae! apne) Ca el tomy ae AVE] Lar SR ee ey $15 

— ee” 
The Austin Code Works 
11100 Leafwood Lane 
Austin, Tezas 78750-8409 
(512) 258-0785 

Free shipping on prepaid orders MasterCard/VISA 
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and format (MS-DOS, Macintosh, 
Kaypro). 
Bibliography 


Chamberlin, Hal. Musical Applica- 


Books : 

Several people have written re- 
questing a reading list that covers 
both books about C and _ books 
about programming generally. This 
month's Flotsam and Jetsam con- 
tains such a list. 
_ First, if you don’t know a struc- 
tured programming language, you're 
better off starting out by learning 
Pascal rather than C. Though Pascal 
isn't as powerful a language as C, it 
holds your hand quite a bit and 
forces you into good programming 
practices. A very good introduction 
to Pascal is Doug Cooper and Mike 
-Clancy’s Oh! Pascal (New York: Nor- 
_ton, 1982). Also of interest if you're 
coming to C from FORTRAN is Brian 
_ Kernighan and P. J. Plauger’s The Ele- 
ments of Programming Style, 2d ed. 
(New York: Yourdon, 1978). This book 
teaches structured programming 
techniques entirely in FORTRAN, an 
inherently unstructured language. 
You'll also need to know a little as- 
sembly language to learn C. In the 
IBM PC world, a good introduction to 
8086 assembly language is Robert La- 
fore’s Assembly Language Primer for 
the IBM PC and XT (New York: 
Plume/Waite, 1984). The rudiments 
of assembly language are also cov- 
-ered in The C Companion, discussed 
later. 
in addition to programming lan- 
guages, you'll need to know about 
data structures—binary trees, 
queues, linked lists, hash tables, and 
the like. Two excellent books are 
Robert L. Kruse’s Data Structures and 
Program Design (Englewood Cliffs, 
N.J.: Prentice-Hall, 1984) and Aaron 
M. Tenenbaum and Moshe J. Augen- 
stein’s Data Structures Using Pascal, 
2d ed. (Englewood Cliffs, N.J.: Pren- 
_tice-Hall, 1986). Both books contain 
| extensive examples written in Pascal. 
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tions of Microprocessors. 2d ed. Has- 
brouck Heights, N.J.: Hayden, 1985. 
This is a great introduction to elec- 
tronic music in general. Chapter 14 
has a lucid description of digital filter 
theory that’s understandable to 
nonmathematicians. 

Programs for Digital Signal Process- 
ing. New York: IEEE Press, 1979. This 
book has a wealth of FORTRAN pro- 


Flotsam and Jetsam 


Kruse's explanations (and his pro- 
grams) are a little more clear than 
Tenenbaum and Augenstein’s, and I 
prefer his book for this reason. Ten- 
enbaum and Augenstein’s book is 
more comprehensive, however. Also 
of interest is Robert Sedgewick’s AI- 
gorithms (Reading, Mass.: Addison- 
Wesley, 1983), which contains algo- 
rithms for doing just about 
everything imaginable (at least in the 
realm of programming). Everything 
from splines to Gaussian elimination 
to sorting routines to fast Fourier 
transforms is covered. It’s an invalu- 
able reference. 

As for C itself, the C language was 


_ originally brought to the world’s at- 


tention by Brian Kernighan and Den- 
nis Ritchie in The C Programming 
Language (Englewood Cliffs, N.J.: 
Prentice-Hall, 1978). The book is usu- 
ally called K & R. Unfortunately, this 
book is dense to the point of unreada- 
bility in places. I don’t recommend it 
unless you're a very experienced 
programmer, but if you fall into that 
category, it’s very good. K & Risjusta 
language description; it assumes that 
you know how to program. The best 
general introduction to C that I know 
of is Bryan Costales’ C from A to Z 
(Englewood Cliffs, N.J.: Prentice-Hall, 
1985). Herbert Schildt’s C Made Easy 
(Berkeley, Calif.: Osborne/McGraw- 
Hill, 1985) is also good. Both of these 
books are much more readable than 
K & R. Neither covers the advanced 
parts of the language in depth, 
however. 

There are several nontextbooks 
that are good aids to learning C. My 
own book The C Companion (Engle- 
wood Cliffs, N.J.: Prentice-Hall, 1986) 
was developed as supplementary 
class notes for a C class I teach. It cov- 
ers many of the topics that are left out 
of most C textbooks—both basic top- 


grams for digital signal processing, 
including filter programs. It assumes 
you know enough theory to under- 
stand the programs, however—it’s 
pretty dense. 

Electronotes Newsletter, 1 Pheasant 
Lane, Ithaca, NY 14850, is a small but 
meaty periodical for electronic mu- 
sic hackers—people who want to ac- 
tually build the stuff as well as play it. 







ics such as binary arithmetic and as- © 
sembly language and advanced top- | 
ics such as the complex uses of 
pointers and writing subroutines  —© 
with a variable number of argu- 
ments. Another book worthhavingis == 
Rex Jaeshcke’s Solutions in C (Read- 
ing, Mass.: Addison-Wesley, 1986). 
Rex's book is a collection of C pro- 
gramming tips. He explains many of 
the more advanced parts of the lan- 
guage with numerous short 
examples oo 
Two good books of exercises are 
available. ClovisL.TondoandScottE. 
Gimple’s The C Answer Book (Engle- 
wood Cliffs, N.J.: Prentice-Hall, 1985) 
contains answers for all the exercises 
in K & R. It’s quite useful if you're’ 
using that text. Another good exer- _ 
cise book is Alan R. Feuer’s The C Puz- _ _ 
Zle Book (Englewood Cliffs, N.J.:Pren- 
tice-Hall, 1982). The problems inthis = 
book address virtually every aspect —_—> 
of the C language. Moreover, the _— 
problems are designed to familiarize 
you with common errors that will - 
probably show up as bugs in your _ 
programs. Every exercise is accom- __ 
panied by a detailed solution. I could _ 7 














ging time had this book been wee 
able when | first learned the  _ 
language. 

The best reference to the C a 
guage is Samuel P. Harbison and Guy | 
L. Steele, Jr.'s C: A Reference Manual 
(Englewood Cliffs, N.J.: Prentice-Hall, 

1984). The second edition (1987), 
which incorporates the ANSI exten- __ 
sions, should be available by the time __ 
you read this column. Of course, the __ 
ANSI standard itself (X3-J11) is a good _ - 
reference. The public review period _ | 
forthedraftstandardended March7,  — 
so the real standard should be avail- 
able any time now. For more infor- 
mation, contact the X3 Secretariat: 
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It's invaluable if you’re in that 
category. 
DDI 


(Listings begin on page 64.) 
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Computer and Business Equipment 
Manufacturers Association, 311 First 
‘St. NW, Ste. 500, Washington, D.C. 
20001-2178; (202) 737-8888. Unfortu- 
_ nately, the standard is very expen- 
_ sive ($65 for a few hundred Xeroxed 
pages). Check the computer science 
library of a local university before ac- 
_ quiring a copy for yourself. 

The final category of books is the 
s;eful-examples-of-nontrivial-pro- 
grams category. Several good books 
_are available. Joe Campbell’s Crafting 
_C Tools for the IBM PC (Englewood 
Cliffs, N.J.: Prentice-Hall, 1986) is 
packed with useful subroutines and 
_ programs for the IBM environment. It 
is distinguished by numerous Notes 
on C Usage sections that discuss the C 
_ programming issues involved in the 
programs themselves. William J. 
Hunt's The C Toolbox (Reading, Mass.: 
_ Addison-Wesley, 1985) is also packed 
with useful stuff, including a com- 
plete B-tree database management 
_ package. It’s not as tied into the IBM 


_ operating system design books that 
were reviewed in the December DDJ 
—Ted J. Biggerstaff’s Systems Soft- 
ware Tools (Englewood Cliffs, N.J.: 
_ er’s Operating System Design, the Xinu 
_ Approach (Englewood Cliffs, N.J.: 
_ Prentice-Hall, 1984)—are good re- 
~ sources. And of course, DDJ itself sells 
_ the source code for several large C 
programs—such as my own MS-DOS 
shell—on disk. 

So, I’ve just skimmed the surface of 
what's available and have already 
spent several hundred dollars of 
_ your hard-earned money. Hopefully, 
you'll find more extensive reviews of 
some of,these books in future issues 
of DbjJ, but until then you'll at least 
__ haveaplace tostart when you go into 
a bookstore or library. Good luck. eo 
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FILE HANDLER 





Performance and Portability 


For all the time you devote to developing 
your new programs, doesn't it make sense to 
insure they perform like lightning and can be 
ported with ease? 








c-tree: Multi-Key ISAM Functions 
For Single User, Network, & Multi 
Tasking Systems 


Based on the most advanced B+ Tree routines 
available today, c-tree gives you un- 
matched keyed file accessing performance and 
complete C Source Code. Thousands of profes- 
sional C programmers are already enjoying 
c-tree’s royalty-free benefits, outstanding 
performance, and unparalleled portability. 












Only FairCom provides single and multi-user 
capabilities in one source code package, 
including locking routines for Unix, Xenix, and 
DOS 3.1., for one low price! In addition, 
c-tree supports fixed and variable record 
length data files; fixed and variable length key 
values with key compression; multiple indices 
in a single index file; and automatic sharing of 
file descriptors. 









r-tree: Multi-Fle Report Generator 


r-tree builds on the power of c-tree 
to provide sophisticated, multi-line reports. 
Information spanning multiple files may be 
used for display purposes or to direct record 
selection. You can develop new reports or 
change existing reports without programming 
or recompiting and can use any fext editor fo 


gFS. 


















bx? 


Xenix is a registered trademark of Microsoft Corp. Unix is a registered trademark of AT&T. 


Everything Isn’t As 


Accommodating As 
c-tree / r-tree 








REPORT GENERATOR 


create or modify r-tree report scripts 
including the complete report layout. At your 
option, end users may even modify the report 
scripts you provide. 


Unlimited Virtual Fields; Automatic File 
Traversal 


r-tree reportscripts can define any number 
of virtual fields based on complex computational 
expressions involving application defined data 
objects and other virtual fields. In addition, 
r-tree automatically computes values 
based on the MAX, MIN, SUM, FRQ, or AVG of 
values spread over multiple records. r-tree 
even lets you nest these computational func- 
tions, causing files from different logical levels 
to be automatically traversed. 


Unlike other report generators, r-tree allows 
you to distribute executable code capable of 
producing new reports or changing existing 
reports without royalty payments, provided the 
code is tied fo an application. Your complete 
source code also includes the report script 
interpreter and compiler. 


How To Order 


Put FairCom leadership in programmers utilities 
to work for you. Order c-tree foday for 
$395 or r-tree for $295. (When ordered 
together, r-tree is only $255). For VISA 
MasterCard and C.0.D. orders, call 314/445- 
6833. For e- tree benchmark comparisons, 
write FairOom, 2606 Johnson Drive, Columbia, 
MO 65203. 


Complete C Source Code & No Royalties! 


CIRCLE 93 ON READER SERVICE CARD 


115 














95 
yea. 


ournal. 


‘omptel i 





so a Ata 





deancet ( 














oo = <a ee : e | n 
Vie ititasking, ps 
ee 





22 


scaling to Pak -- 
Commue’nteriaciné Dog speed 
program Wt nology * 

fhe eon ne 


_AN® 


_. ue issue se ¢--= 
aiso in this a ai 9600 BPS at Window . 


YOUR SYSTEM'S 
KEY COMPONENT 


The Only Magazine By And For 
Advanced Micro Users. 





At last there is a magazine that brings you the strictly 
technical but practical information you need to stay 
up-to-date with the ever changing microcomputer 
technology . . . Micro/Systems Journal. Micro/Systems 
Journal is written with the needs of the systems 
integrator in mind—the individual who’s involved in 
putting together the hardware and software pieces of 
the microcomputer puzzle. 


In each issue of Micro/Systems Journal you'll find 
such useful and progressive articles as: 


¢ Interfacing to Microsoft Windows 
e Unix on the PC 


¢ 80386 Programming 
¢ High Resolution PC Graphics 


¢ Using 80286 Protected Mode 
¢ Multiprocessing and Multitasking 


You'll get the hands-on, nuts and bolts information, 
insight and techniques that Micro/Systems Journal is 
famous for . . . in-depth tutorials, reviews, hints . . . the 
latest information on computer integration, networks 
and multi-tasking, languages, and operating systems . . . 
hard-hitting reviews. 

To start your subscription to Micro/Systems 
Journal, simply fill out one of the attached cards or 
write to Micro/Systems Journal, 501 Galveston Dr., 
Redwood City, CA 94063. You'll receive a full year (6 
issues ) of Micro/Systems Journal for just $20, and 
enjoy the convenience of having M/S) delivered to your 
doorstep each month. Don’t wait .. . subscribe today! 





Yes! | want to sista | to 
V_| Micro/ Systems Journal. 

and save over 15% off the cover price. 

[ ] 1 Year (6 issues) $20 [ ] 2 Years (12 issues) $35 





LJ Please charge my: J Visa LJ MasterCard i American Express 


i] Payment enclosed (_] Bill me later 
SE a eee 





Signature 

Name 

Address 

City facta tinea monies ci, OOO Pip 


| 
| 
| 
| 
Savings based on a full one-year cover price of $23.70. Canada and Mexico add $3 for surface mail, $7 for airmail per 
year. All countries add $12 for airmail per year. All foreign subscriptions must be prepaid in U.S. dollars drawn ona U.S. 
| bank. Please allow 6-8 weeks for delivery of first issue. 
| 2 A Publication of M & T Publishing, Inc. 3012 
| 
| 
| 
| 
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Yes! | want to subscribe to 
Micro/Systems Journal. 


and save over 15% off the cover price. 
[_]1 Year (6 issues) $20 [ ] 2 Years (12 issues) $35 


_] Please charge my: _] Visa [_] MasterCard _] American Express 
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USER 
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bank. Please allow 6-8 weeks for delivery of first issue. 
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MS-DOS 


Taming MS-DOS 
by Thom Hogan 


L.- MS-DOS takes you beyond the basics, 
picking up where your DOS manual leaves off. 
You Il learn how to create a memory-resident clock, 
how to rename subdirectories and change file attri- 
butes, how to create AUTOEXEC.BAT files, and how 
to customize CONFIG.SYS and use ANSI.SYS to 
change the appearance of DOS. You'll find exten- 
sive batch file coverage with example routines that 
use redirection operators, filters and pipes, and 
ready-to-use assembly language programs that 
enhance DOS. Full source code is included. 


Taming MS-DOS 
Taming MS-DOS with disk 


Item #060 $19.95 
Item #061 $34.95 
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On Command: Writing a 
Unix-Like Shell for MS-DOS 
by Allen Holub 


his book and ready-to-use program demonstrate 

how to write a Unix-like shell for MS-DOS, with 
techniques applicable to most other programming 
environments as well. The book and disk include 
a detailed description and working version of the 
shell, complete C source code, a thorough discus- 
sion of low-level DOS interfacing and significant 
examples of C programming at the system level. 
Supported features: read, aliases, history and 
C-Shell-based shell scripts. The Unix-like control 
flow includes: if/then/else; while; foreach; 
switch/case; break; continue. For IBM PC and direct 
compatible’s. All source code included on disk. 


/Util 


hen used with the shell, this collection of util- 
ity programs and subroutines provide you with 
a fully functional subset of the Unix environment. 
Utilities include: cat; cp; date; du; echo; grep; Is; 
mkdir; mv; p; pause; printevn; rm; rmdir; sub; and 
chmod. Complete source code and manual included. 


ltem #163 $39.95 
Item #161 $29.95 


On Command 
/Util 
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Interfacing to MS-DOS 
by William Wong 


riginally featured in Micro/Systems Journal, 

Interfacing to MS-DOS provides ten concise 
articles that will orient any experienced program- 
mer to the MS-DOS environment. All source code 
discussed is also contained on disk. 


Topics include: program construction, character 
base input and output functions, and file access. 
You'll also find a discussion of CP/M style vs. Unix- 
style DOS file access, sample program files, and a 
detailed description of how to build device drivers. 
A device driver for a memory disk and a character 
device driver are provided on disk with full 
source code. 


Interfacing to MS-DOS Item #166 $29.95 


NR: An NROFF-like Text 
Formatter for MS-DOS 


N R® a text formatter that is written in C and 

is compatible with the Unix NROFF It 
includes complete implementation of the -ms macro 
package, and an in-depth description of how -ms 
works. NR does hyphenation and simple propor- 
tional spacing, and supports automatic table of 
contents generation and indexing, automatic foot- 
notes and endnotes, italics, boldface, overstriking, 
understriking, and left and right margin adjustment. 
Also: extensive macro and string capability, number 
registers in various formats, diversions and diver- 
sion traps, input and output line traps. Full source 
code included. For PC compatibles. 


NR Item #165 $29.95 


To Or ger © Return this order form with your payment to M&T Books, 501 Galveston Dr., Redwood City, CA 94063 
Or, Call TOLL-FREE 800-533-4372 Mon-Fri 8AM-5PM. In CA call 800-356-2002. 


Name 
Address 
City State 

[_] Check enclosed. Make Payable to M&T Publishing. 
Charge my [_] VISA [-]M/c 
Card No. 

Exp. Date 


Signature 


Item # 


Zip 


(_] Amer.Exp. 


Description Price 
Subtotal 
CA residents add sales tax. _% 
Add $2.25 per item for shipping 
TOTAL 
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Quality of Life Tools 

oday’s software market is rife 

with ‘‘user-friendly’’ MS-DOS 
shells such as the Norton Command- 
er (which incidentally was written 
by John Socha, not Peter Norton), X- 
Tree, and KeepTrack. These little ras- 
cals allow naive users to navigate 
through the hierarchical directory 
structure, copy files, initialize disks, 
and the like as long as they can find 
the arrow keys. I suspect that most 
experienced programmers stay as 
far away from these programs as I 
do—user interfaces that clutter up 
the screen and constantly ask ‘‘Are 
you sure?’ just get in the way during 
the day-long cycles of edit, compile, 
link, and debug. 

Of course, the default MS-DOS com- 
mand processor (COMMAND.COM) is a 
long way from the last word in user 
interfaces, too, and there is certainly 
a place in programmers’ hearts for 
new shells that can enhance that in- 
terface without altering it past recog- 
nition. I'd like to discuss briefly two 
such products this month and solicit 
information on other such products 
from DDJ readers and software 
vendors. 


Command Plus 

Command Plus is an alternative shell 
from ESP Software Systems that com- 
pletely replaces MS-DOS’ COMMAND 
COM. Command Plus offers signifi- 
cantly enhanced COPY, DEL, and DIR 
commands and adds a high-perform- 
ance file BROWSE command, com- 


by Ray Duncan 


mand aliasing, the ability to accept 
multiple commands on the same line 
(separated by & delimiters), com- 
mand logging, and a directory stack. 
It also includes an extensive shell pro- 
gramming language called SCRIPT 
that is upward compatible from the 
normal MS-DOs batch file commands. 








SCRIPT supports integer, long integer, 
and string variables; various opera- 
tions on those variables; sophisticated 
control structures, such as CASE; key- 
board input into a string variable; 
cursor positioning; and a bevy of op- 
erations on environment variables 
and file names, extensions, dates, and 
attributes. 

But for me, the two most useful fea- 
tures of Command Plus are its sup- 
port for the command history and 
for regular expressions. Plain vanilla 
MS-DOS allows you to specify sets of 
files with the wildcard characters * 
and ?. Command Plus’ regular ex- 
pressions give you much more flexi- 
ble control over file names, with the 
ability to specify or exclude single 
characters or ranges of characters in 
any position. The file specification 
[abcd4-9)*.asm, for example, match- 
es any file with the extension .asm 
and whose name begins with one of 
the letters a through d or with one of 
the numerals 4 through 9. 

The history feature of Command 
Plus pushes each command onto a 
history list as it is entered. The de- 
fault size of this list is 10 commands 
(the oldest one is simply lost as each 
new command is entered), but you 
can configure it to hold as many as 48 
commands. 

You can recall and display a previ- 
ous command by using the arrow 
keys to traverse the list, edit the com- 
mand if necessary, then press the En- 
ter key to carry out the command 
again. For example, if four com- 
mands ago you entered: 


LINK FOO,,,SLIBW + LIBH, FOO.DEF 


16-BIT SOFTWARE TOOLBOX 


and you want to repeat the same link 
with a different library, you would 
just hit the up arrow four times to 
redisplay the original LINK com- 
mand, move to the position to be 
changed with the left and right ar- 
row keys, type the new library 
name, and hit Enter. Incidentally, 
more editing functions are available 
than in normal MS-DOS (such as word 
tabbing right or left), and the editing 
keys are configurable. You can also 
view the entire history list and select 
old commands for editing by their 
number on the list if you wish. I have 
found that the history feature saves 
hundreds of keystrokes and mis- 
typed commands daily. 

Now, I know Unix partisans are go- 
ing to write in and tell me once again 
that Unix shells have had these fea- 
tures since the Dark Ages. Iam aware 
of this already, I too am pleased that 
Unix has at least one or two redeem- 
ing features, and I'll be the first to 
agree that Unix software comes from 
the Dark Ages. But it’s nice to have 
histories, regular expressions, and a 
decent script language without hav- 
ing to sacrifice a megabyte of RAM, 10 
megabytes of fixed disk, and half my 
CPU cycles on the altar of Unix. 

The only significant deficit I see in 
the current release of Command Plus 
is the lack of support for replaceable 
parameters in command aliases. We 
can always hope that the vendor will 
see fit to add this in a future version! 
You can obtain more information on 
Command Plus from ESP Software 
Systems Inc., 11965 Venice Blvd., Ste. 
309, Los Angeles, CA 90066; (213) 306- 
7408. 


ProCED 

ProCED, written by Chris Dunford, is 
an extremely powerful command- 
line editor for MS-DOS. It is loaded as a 
Terminate and Stay Resident (TSR) 
utility and is not a complete replace- 
ment for COMMAND.COM. What it 
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does offer is vastly improved com- 
mand-line editing, support for syn- 
onyms (aliases) with replaceable pa- 
rameters, command _ chaining, 
command logging, and inspection/ 
recall/editing of previous commands 
via a history list similar to that de- 
scribed earlier for Command Plus 
(note that ProCED predates Command 
Plus by a considerable margin, how- 
ever). Nearly all ProCED’s special 
characters, buffers, and stacks are 
configurable by the user, and lists of 
synonyms and other configuration 
information can be automatically 
loaded from a file at system start-up. 

ProCED works by capturing and re- 
placing the MS-DOS buffered key- 
board input function (int 21h, func- 
tion Oah); therefore, its capabilities 
are available in any MS-DOS program | 
that performs its input through this | 
function, including most debuggers. | 
By the same token it does not work 
with some programs, such as the Nor- 
ton Commander, that perform their 
keyboard input character’ by 
character. 

A particularly nice aspect of 
ProCED is that it contains “hooks” that | 
allow programmers to write and in- 
stall new memory-resident com- 
mands, called ‘‘user commands.” 
These are loaded under the control of 
ProCED-like miniature TSRs and _ be- 
have as though they were COMMAND 
.COM “intrinsic’’ commands. The 
ProCED package includes several ex- 
amples, including ATTRIB (displays or 
alters file attributes), CD/R (a sorted di- 
rectory), and SEND (transmits an arbi- 
trary string of data to any file or 
device). 

Chris recently sent me a develop- 
ment (prerelease) version of ProCED 
that has two terrific new features. 
The first is called command extrapo- 
lation: if you type a few letters of a 
command and then press CtrI-X (*X), 
ProCED searches the history buffer 
for the first matching command and 
displays it for editing. If it doesn't 
find the one you want, you simply hit 
*X repeatedly until the command 
you desire appears. The second new 
feature is a built-in file-name search, 
which is similar to command extrap- 
olation. 

At any point in a command line, 
you can type a partial file specifica- 


tion, or a file name that contains 
wildcards, and then press the Tab 
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UNIX TOOLS FOR YOUR PC 





PC/vr 


UNIX’s VI Editor Now Available For Your PC! 


Are you being as productive as you can be with your computer? 
An editor should be a tool, not an obstacle to getting the job done. 
Increase your productivity today by choosing PC/VI—a COMPLETE 
implementation of UNIX* VI version 3.9 (as provided with System V 
Release 2). 

PC/VI is an implementation of the most powerful and most 
widely used full-screen editor available under the UNIX operating 
system. The following is only a hint of the power behind PC/VI: 

e Global search or search and replace using regular expressions 

e Full undo capability 

e Deletions, changes and cursor positioning on character, word, 
line, sentence, paragraph, section or global basis 

e Editing of files larger than available memory 

e Shell escapes to DOS 

e Copying and moving text 

e Macros and Word abbreviations 

e Auto-indent and Showmatch 

e MUCH, MUCH MORE! 

Don't take it from us. Here’s what some of our customers 
say: “Just what I was looking for!’} “It’s great!) “Just like the real 
VI! “The documentation is so good I have already learned 
things about VI that I never knew before.” — IEEE Software, 
September 1986. 

PC/VI is available for IBM-PC’s and generic MS-DOS? systems 
for only $149. Included are CTAGS and SPLIT utilities, TERMCAP 
function library, and an IBM-PC specific version which enhances 
performance by as much as TEN FOLD! 


PC/TOOLS 


What makes UNIX so powerful? Sleek, Fast, and 
POWERFUL utilities! UNIX gives the user not dozens, but 
hundreds of tools. Now the most powerful and popular of these are 
available for your PC! Each is a complete implementation of the 
UNIX program. Open up our toolbox and find: 





e BANNER e DIFFH e PASTE e SPLIT 

e BFS e DIFFS e PR e STRINGS 
e CAL e GREP e RM e TAIL 

e CHMOD e HEAD e SED e TR 

e CUT e MAKE e SEE e TOUCH 
e DIFF e OD e SORT e WC 


All of these for only $49.00; naturally, extensive documentation 


is included! PC/SPELL’ 


Why settle for a spelling checker which can only compare words 
against its limited dictionary database when PC/SPELL is now 
available? PC/SPELL is a complete implementation of the UNIX 
spelling checker, renowned for its understanding of the rules of 
English! PC/SPELL determines if a word is correctly spelled by 
not only checking its database, but also by testing such 
transformations as pluralization and the addition and deletion 
of prefixes and suffixes. For only $49.00, PC/SPELL is the first 
and last spelling checker you will ever need! 

Pea Saas 

Buy PC/VI and PC/TOOLS now and get PC/SPELL for only 
S1.00! Site licenses are available. Dealer inquiries invited. MA 
residents add 5% sales tax. AMEX, MC and Visa accepted without 
surcharge. Thirty day money back guarantee if not satisfied! 
Available in 5'4”% 34” and 8” disk formats. For more information 
call today! 


*UNLX is a trademark of AT&T. *+MS-DOS is a trademark of Microsoft. 


CUSTOM SOFTWARE SYSTEMS 
PO. BOX 678 « NATICK, MA 01760 
617+ 6530 2555 
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16-BIT 
(continued from page 119) 


key to have ProCED replace the tenta- 
tive file spec with matches from the 
current directory. You can also move 
to a new directory by pressing the 
space bar when a directory name ap- 
pears and then press the Tab key 
again to see further file names. Com- 
mand extrapolation and file-name 
search will be present in the next re- 
tail version of ProCED, which may be 
available by the time you read this. 

Time for a testimonial: I have been 
using ProCED for at least a year and 
wouldn't want to live without it. I 
even carry a copy of it with me on a 
floppy disk when traveling, so I 
won't feel deprived when using 
someone else’s PC! ProCED is available 
from the Cove Software Group, P.O. 
Box 1072, Columbia, MD 21044; (301) 
992-9371. 


80286 Resources 

In a recent column, I mentioned the 
book Inside the 80286 (by Ed Strauss, 
published by Waite Group/Brady) as 
an excellent source of information on 
the 80286’s protected mode, virtual 
memory management, task switch- 
ing, and interrupt handling. DDJ 
readers have also brought to my at- 
tention the following book: 


Morse, Stephen P.; and Albert, Doug- 


las J. The 80286 Architecture. New 
York: Wiley, 1986. 279 pages includ- 
ing index. ISBN 0-471-83185-9. 

The architectural and systems-lev- 
el discussion that occupies nearly all 
of Strauss’ book is compressed into 
about 40 pages here. Most of the re- 
mainder of the book is a primer on 
the 80286’s opcodes and addressing 


I have been 
using ProCED 
jor a year, 
and I 
wouldn’t want 
to live 
without it. 


modes, including the traditional ex- 
planation of bits, bytes, and hex arith- 
metic and some rehashed tables from 
Intel manuals. The last chapter of the 
book is entitled “286 Hardware: 
Building a Computer,” but its discus- 
sion is generic and somewhat vague 
whereas in Strauss’ book the hard- 
ware discussion is extremely specific 
and includes schematics and soft- 
ware listings that you could use to 
breadboard your own primitive 
80286 machine. All in all, although 


























Morse and Albert’s credentials are 
good, I don’t think this book makes 
the grade. I’d recommend you spend 
your money on Strauss’ book and a 
copy of the Intel 80286 Programmer's 
Reference instead. 


Pretty Pictures 
Department 

I suspect at least half of the readers of 
this column reacted to the Scientific 
American article on Mandelbrot sets 
by writing their own programs to 
plot these intriguing images. Most of 
us, however, also found that plots in 
the 350-line, 16-color modes of the 
EGA take nearly forever unless the 
program is painstakingly optimized. 
Relax, someone else has done the 
work! A slick, fast program to plot 
Mandelbrot images, called Fractal- 
Magic-EGA, is available for $25; the 
source code (Turbo Pascal) is also 
available for an additional $50. Con- 
tact Sintar Software, P.O. Box 3746, 
Bellevue, WA 98009; (206) 455-4130. 


Performing SETs 

from a Program 

Daniel Briggs of the Solar Astronomy 

Department at CalTech, writes: 

“Someone recently wanted to know 

about how to change directories in a 

batch file and then return home 

again. There are several different ap- 

proaches, but here’s the one I took. 
‘The GETDIR.ASM program [Exam- 





Introducing Periscope” III 


A new generation of debugging for the IBM PC, XT, AT and close compatibles 


Ne you can invest $995 and get the most powerful debugging tool available short of a 
$10,000 in-circuit emulator! The Periscope III board’s hardware breakpoints and real-time 
trace buffer help you solve the really tough debugging problems. If you ever deal with errors in 
real-time systems, intermittent failures, interfacing with undocumented systems, or bottlenecks 
in your code, Periscope III may be just what you need! 


Call TOLL-FREE 800/722-7006 for more information. 
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ple 1, right] illustrates a means of pro- 
viding string functions to batch files. 
In this case, the program SETs the val- 
ue of the environment variable DIR to 
be the current default directory. This 
value can then be referenced later in 
a batch file in the form %DIR%. The 
undocumented hook into the current 
copy of the command processor, int 
2eh, is used to do the SET—somewhat 
unportable but by far the best meth- 
od among the various alternatives. 
This program can be altered easily 
for other uses by changing the value 
at var_name to the desired variable 
name and the function get_value to 
the desired string function. 

“With the GETDIR program in 
hand, you can write sequences such 
as this in batch files: 


get-dir ! equivalent to “‘set 
DIR= <current 
directory>” 
cd <somewhere else> 
<do stuff> 
cd %DIR% !%<variable name>% 


replaced by its value 


‘The GETDIR approach has the dis- 
advantage that it cannot be nested. 
There is a set of shareware utilities 
out that includes the programs PUSH- 
DIR and POPDIR, which do what they 
sound as though they do. Try a local 
BBS; they're fairly common. I like my 
approach, though, because it pro- 
vides a simple means of adding any 
string function that you can dream 
up into a batch file.” 


Availability 

All the source code for articles in this 
issue is available on a single disk. To 
order, send $14.95 to Dr. Dobb's Jour- 
nal, 501 Galveston Dr., Redwood City, 
CA 94063 or call ( (415) 366-3600 ext. 
216. Please specify the issue number 
and disk format (MS-DOS, Macintosh, 
Kaypro). 
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"Dick Johnson 


in accounting 
is havinga 
heart attacks” 


Would you know what to do? 

Would anyone in your company be 
able to help? 

One of your employees is stricken. 
Breathing and heartbeat have stopped. 
Does anyone know what to do until help 
arrives? 

The American Red Cross can 
train your employees in CPR—Cardio- 
pulmonary Resuscitation, a first aid 
method that sustains life. 

It's just one of the ways the 
Red Cross helps you keep your company 
healthy and safe. 

Contact your local Red Cross 
Chapter and ask about CPR training. 
That way, when disaster strikes, you can 
all breathe a little easier. 





# American Red Cross 
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Professional Programming Products 
by BCSoft 


FREE 


PC-WRITE™ text editor 
with every purchase. 


PROGRAMMERS AND SOFTWARE DEVELOPERS - LOOK AT THESE PRODUCTS! 






Quick-Tools™ 

for QuickBASIC™ users! 
A comprehensive library of over 90 subroutines and 
functions directly CALLable from your QuickBASIC 
programs. 

SORT routines allow sorting of single and 
multidimensional arrays. 

Binary search functions. 

Unique screen handling functions allow splitting 
screens, fast scrolling, special string printing, 
character attribute control, phantom cursors, etc. 
Keyboard scanning and status calls, with field 
inputing and decoding. On screen editing of input 
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Unique file handling routines. 

FREE Updates and phone support! 
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Only $129.95 Complete 


TURBO.ASM™ 
For Turbo PASCAL users ! 
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every Turbo Pascal user. The only package designed 
for interfacing assembly language with Turbo 
Pascal. 
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effecting your code space. 

Fully explains the internal workingsof Turbo Pascal 
and data passing methods. 

Includes a library of Assembly routines which can 
be used directly from Turbo Pascal. 

The best way to learn assembly language. 

FREE Updates and phone support! 


Only $99.95 Complete 









NET-TOOLS™ 
NETBIOS Programming Tools 


NET-TOOLS allows vou to write programs for ANY 
NETBIOS compatible local area network - fast and 
easily. CALLable from Microsoft Assembler, C, 
PASCAL, or FORTRAN. 

Add and Delete local names. 

Initiate and Cancel sessions. Just give NET-TOOLS 
the name of the computer vou would like to call, 
and it will automatically locate the user and make 
the connection for vou. 





Transfer Messages with automatic retries and error 
detection. Both the datagram and session protocols. 
Redirect Local Devices simply and easily with a 
single function call. 
Plus much MORE ! 
Complete SOURCE CODE is provided, FREE ! 
FREE Updates and phone support! 

ONLY $149.00 Complete 


ASMLIB™ 
The Programmer's Library 
A set of over 210 subroutines to greatly increaseyour 
productivity. Written in assembly language 
anddirectly CALLable from Microsoft Assembler, 
C,PASCAL, and FORTRAN. 
Complete SOURCE CODE provided -FREE! 
Text WINDOWing functions allow up to 64 
overlapping windows. 
TERMINATE and STAY RESIDENT programs 
arewritten easily. Programs can “POP UP” witha 
simplekeystroke. Use DOS calls from them, also. 
GRAPHICS on the EGA, CGA, and Hercules™ 
Monochrome. 
Virtual file functions. 
Full FLOATING POINT math and trig with 8087 
support. 
Int. driven async. support, plus MUCH MORE! 
Only $149.00 Complete. 


NO ROYALTIES REQUIRED 


To ORDER call or write to: 


BC Associates 
A division of BCSoft Corporation 
3261 N. Harbor Blvd. 
Suite B 
Fullerton, CA. 92635 


CALL TOLL FREE 


Saas 
VISA 


aa 


VISA, M/C, or COD orders are welcome! S&S 


1-800-262-8010 


in CA. dial 1-714-526-5151 
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COLUMNS 


STRUCTURED PROGRAMMING 


True BASIC Challenges Modula-2 


n this issue I will discuss the im- 

plementation of modules in Ver- 
sion 2 of True BASIC, present two 
True BASIC modules, and compare 
True BASIC’s modules with those of 
Modula-2. 

The dichotomous nature of True 
BASIC is marked by the support of 
structured code on one hand and the 
lack of structured data on the other. 
Modules as well as external libraries 
seem to add more code structure con- 
structs. The fact that they help create 
reusable software libraries is wel- 
come as an effective timesaving tool 
and the implementation of modern 
software engineering methodology. 

When I first heard about modules 
in True BASIC, I asked the technical 
staff at True BASIC Inc. how different 
they were from external libraries. 
They answered by pointing out that 
modules offer better control over ex- 
ported routines and a more ad- 
vanced data interface. You can access 
all the routines in a library, and in 
addition, the local variables in li- 
brary routines are invisible to other 
routines both inside and outside the 
library. This means that the argu- 
ment list is the main path for sharing 
data, aside from using temporary 
data files. 

Modules modify the interaction of 
routines and data by supporting the 
following sections: 


¢ MODULE <name> 
¢ PUBLIC <list of exported variables 


by Namir Clement 
Shammas 


and arrays> 

¢ PRIVATE <list of unexported 
routines> 

¢ DECLARE DEF <list of functions> 

¢ SHARE <list of variables and arrays 
common among the module routines 
only> 

* module initialization code 
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Modula-2 


gf Fortran 
Andy 





¢ functions and procedures 
¢ END MODULE 


The PUBLIC declaration is used to 
list the names of scalar variables and 
arrays that are exported to client 
programs. This makes public vari- 
ables global and accessible to all parts 
of the module as well as to the pro- 
gram that calls the module. 

The PRIVATE declaration lists the 
functions and procedures that are lo- 
cal to the module. Compared to Mod- 
ula-2, this is the reverse of the EX- 
PORT list. All routines that are not list- 
ed as private can be called by client 
programs. 

The DECLARE DEF statement indi- 
cates the names of all the functions 
defined inside the module. 

The SHARE declaration lists the sca- 
lar variables and arrays that are ac- 
cessible to all the module routines 
but not to the client programs. They 
need not and should not appear in 
the routines’ argument lists. The ad- 
ditional advantages of shared vari- 
ables are: 


1. They support data abstraction by 
enabling the access of data structures 
while hiding the details. 

2. Shared variables are static: they re- 
tain their values between calls to rou- 
tines in the module. 

3. No conflict results from using the 
same variable names in a client pro- 
gram or shared variables in other 
routines. 


Module initialization is carried out 
automatically before the program 
starts running. This means that any 


PUBLIC variable involved in the ini- 
tialization step must be assigned an 
initial value from within the module 
itself, which makes the initialization 
step independent of the client 
programs. 

The new version of True BASIC has 
a powerful LOAD command, which 
enables you to load libraries and 
modules and so extend the True BA- 
SIC language. Loading a library that 
implements hyperbolic functions, 
for example, enables you to type (in 
the command mode) PRINT SINH(2.4) 
and obtain a result. The loaded li- 
braries and modules cut down on the 
time required to link programs with 
external libraries and modules. 


Examples 

I will now discuss two examples of 
True BASIC modules. Example 1, page 
125, contains a linear regression 
module. The PUBLIC declaration ex- 
ports the three statistics slope, inter- 
cept, and coefficient of determina- 
tion. The PRIVATE statement declares 
routines Mean and Sdev as local to 
the module. DECLARE DEF points out 
that Mean and Sdev are local func- 
tions used to calculate the mean and 
standard deviation for intermediate 
results. The SHARE statement lists the 
statistical summations as shared stat- 
ic variables. 

The call to InitializeSum is the first 
statement in the module initializa- 
tion section. It is followed by assign- 
ing numeric codes for missing data to 
the three regression statistics. These 
values can be used by the client pro- 
gram to detect that no meaningful re- 
sults are available and so distinguish 
them from random junk data. 

The InitializeSum subroutine is 
used to zero the statistical summa- 
tions—this is carried out automatical- 
ly when the program starts running. 
For the sake of clarity, I called the 
subroutine from the program. Sub- 
routine AcumData takes data from 
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the two arrays X and Y and updates 
the summations. Your program can 
call it repeatedly to process data in 
batches. Since the summations are 
static variables, they maintain their 
values between calls. Thus, when 
calling LineFit, the summations sup- 
ply the required information to cal- 
culate the regression statistics. 

Example 2, page 126, shows a sim- 
ple True BASIC program that uses the 
regression module. The LIBRARY 
keyword is used to import it, and DE- 
CLARE PUBLIC is used to import the 
public variables exported by the re- 
gression module. Notice that the sta- 
tistical summations are invisible to 
the client program. If I want to write 
a version that uses an external True 
BASIC library, I must pass the summa- 
tions in the argument lists. Calling 
LineFit involves no parameters be- 
cause I have elected to make the re- 
sults public. 

My second example involves sort- 
ing and indexing an array of strings. 
In writing the program I made cer- 


tain choices to demonstrate several. 


features of True BASIC modules. Ex- 
ample 3, pages 128-129, shows mod- 
ule Sort. The PUBLIC statement indi- 
cates that the module declares the 
array Item$() and the array counter 
NData as globally accessible to client 
programs. The SHARE declaration 
lists two arrays: the first is an array 
of pointers; the second is an index ta- 
ble. These arrays are shared within 
the routines of the module. The mod- 
ule initialization consists of assigning 
values to shared variables. 

The Sort module consists of three 
exported routines. The first one en- 
sures that the sizes of public array 
Item$() and the shared pointer array 
are adequate. The REDIM statement 
(one of the new features in True BA- 
SIC, Version 2) expands the arrays as 
needed. The size of the index table is 
independent of the size of array 
Item$(). It maps indices for the char- 
acters A through Z in uppercase 
only. 

Subroutine Sort_and_Index per- 
forms two tasks: it sorts the array 
Item$() using pointers and then sets 
up an index table. It calls the local 
subroutine ShellSort to perform a 
pointer-based Shell sort on array 
Item$(). The second local subroutine, 
Set_Index, is called to set up array 
Table(). The first entry encountered 
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starting with the letter A is stored in 
location 1 of array Table(), that of B 
in location 2, and so on. The table in- 
dex is initialized with Os. 

Function Search_Index is used to 
search for a specific occurrence of a 
string and returns the index of array 
Item$() or 0 if not found. Using the 
index table, this function is able to 
zoom in on a feasible search range, 
knowing where to start and stop. 

Example 4, page 130, shows a cli- 


ent program that uses module Sort. It 
contains DATA statements that sup- 
ply the array Item$() with some 
keywords from the Pascal language. 
The DO... WHILE loop counts the 
number of items in the DATA state- 
ments. A dummy string is used, in- 
stead of the Item$() array, for the 
READ statement to avoid a possible ar- 
ray-bound error. The RESTORE state- 
ment resets the DATA statement 
pointer. The program calls for sub- 





Example 1: True BASIC source code for linear regression module 


125 

















_ PRINT "For data point # "71 ~~ 
INPUT PROMPT " enter X " ;: 


INPUT PROMPT " 
PRINT | 


enter XY © 






- Call AcumDat 
. Ca oe LineF — 








_ PRINT US 
| PRINT USING "Slope 





END _ 








Example 2: True BASIC source code for application program using the 
regression module in Example 1 





UNIX-like Utilities for Managing 
C Source Code 


No C programmer should be without their 
assistant — C ToolSet. All of the utility programs 
are tailored to support the C language, but you 
can modify them to work with other languages 
too. 

Source code in standard K&R C is included; 
and you are welcome to use it with any compiler 
(UNIX compatible) and operating system you 
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12 Time Savers 
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files. 
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Requires MSDOS and 12K RAM 
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CCREF - Cross references variables used within 
a program. 

CBC (curly brace checker) - checks for pairing of 
curly braces, parens, quotes, and comments. 
Other utilities include DOCMAKE, ASCII, 
NOCOM, and PRNT. 

Source code to every program is included! 


Thorough User Support 
Text and Online 

C ToolSet documentation contains descriptions 
of each program, a listing of program options 
(if any), and a sample run of the program. 

On-line help gives you information on the 
programs and how to run them. Most of the 
programs respond to -? on the command line 
with a list of options. 


Call 800-821-2492 to order C ToolSet 


risk-free for only $95. 
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STRUCTURED PROGRAMMING 
(continued from page 125) 


routine Set_Up in the module Sort. 
This ensures that the public array 
Item$() and the pointer array (local to 
the module) have enough spaces. 
The RESTORE statement is followed 
by a FOR...NEXT loop to read the 
DATA statements into array Item$(). 
The module subroutine Sort 
and_Index is invoked to prepare the 
index table. I included a DO... UNTIL 
loop to enable you to type in the Pas- 
cal keywords and find their location 
in array Item$(). 

The second example illustrates 
data hiding by using static shared ar- 
rays within the Sort module. The ar- 
ray of pointers and index table re- 
main invisible to the client program. 
The limitation of shared variables is 
that there can be only one instance of 
each variable. To use them as argu- 
ments, the module must include rou- 
tines to store, recall, and manage the 
shared arrays to simulate and handle 
multiple instances. 


True BASIC vs. Modula-2 
How do True BASIC modules com- 
pare with those of Modula-2? Here 
are some comparison aspects: 


¢ Using modules in True BASIC is op- 
tional. The core implementation has 
enough constructs to enable you to 
avoid using modules altogether if 
you write all the software you use. 
Attempting the same type of inde- 
pendence is impossible with Modula- 
2, in which the core language is 
much smaller and requires you to 
use modules for common operations 
such as I/O and string handling. 

¢In Modula-2, a library module con- 
sists of two components: a definition 
module and an implementation 
module. Modules in True BASIC: are 
contained in one file. The difference 
comes from the language design phi- 
losophy. Modula-2 is aimed at large 
advanced software projects involv- 
ing teams of programmers. In a top- 
down software project, the specifica- 
tions of each module must first be 
determined, hence the need for a 
definition module that declares mod- 
ule specifications. Modula-2 libraries 
can be distributed with the source 
code for the definition module and 
the symbol, link, and other files for 
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STRUCTURED PROGRAMMING 
(continued from page 126) 


the implementation module. In True 
BASIC, if you use the run-time pack- 
age to form .EXE files, you must sup- 
ply separate documentation. True 
BASIC module developers can agree 
on using .DEF files that have routine 
headings and comments. 

¢You can include True BASIC mod- 
ules after the END statement of a 
main program. In Modula-2, modules 
are always in separate files. 

¢In True BASIC’s PUBLIC declaration, 
variables are exported in a way simi- 
lar to having variables listed in the 
Modula-2 EXPORT list. True BASIC 
does not export data types (transpar- 
ent or opaque), however, because it 
does not support Pascal-like data 
structures. 

e The PRIVATE declaration is needed 
in True BASIC to specify local routines 
because they coexist with the export- 
ed ones. 

¢ Shared variables in True BASIC mod- 
ules are somewhat similar to vari- 
ables in nested local modules in Mod- 
ula-2 (that is, a module library using a 
local module). Both types of variables 
are static and retain their values be- 
tween successive calls to the mod- 
ules. Shared variables in True BASIC 
are more flexible, however, because 
their scope extends throughout the 
module. In Modula-2, the static vari- 
ables in a local module have a scope 
confined to the local module. This 
gives True BASIC shared variables the 
best of both worlds: static variables 
that are accessible to all the module’s 
routines. 

¢ Module initialization is similar for 
True BASIC and Modula-2. 

¢ In Modula-2 you are able to resolve 
the problem of duplicated exported 
identifiers (variables and routines) 
more easily. You IMPORT the entire 
modules and use the dot notation to 
tell the compiler exactly which rou- 
tine to use. Suppose, for example, 
that you have obtained a new I/O 
module (call it NewJO) and you want 
to import the procedure Write- 
String(). At the same time you need 
to use WriteString() from the stand- 
ard module JnOut. You simply im- 
port both modules using: 


IMPORT NewlO; 
IMPORT InOut; 
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MODULE. Sort 


PUBLIC Ttem$ (100) » NData ! Global array and variable. 
PRIVATE Set_Up, ShellSort ! Routines local to the module 
DECLARE DEF Search Index 
_ SHARE Ptr(100), Table(26), FALSE, TRUE, HI_CHAR, MAX DATA 
fa enw eee m= Module initialization ---------~ | 
let HI CHAR = 26 
let MAX DATA = 100 
j------- = Routines definition ---------------- 
sub Set Up 
! Make sure that the arrays have enough space 
IF NData > MAX DATA THEN ! adjust array sizes if needed 
MAT REDIM Item$ (NData) 
MAT REDIM we) 
END IF 


end sub 


sub Set_Index 
! Build index table 


MAT Table = ZER ! Initialize array 


FOR Char Index = 1 TO HI CHAR 


let C$ = CHRS(64 + Char Index) ! --> 'A' to 'Z' 

IF Char Index = 1 THEN ! Start searching at the beginning 
let Index = 1 

ELSE 


! Seach backwards : 
let Index = 1 ! assume worst case as default 
let J= ‘Char index | use J as copy of index I 


DO WHILE o> 
Te Table (J-1) > 0 THEN ! found good ‘last index' 
! 


let Index = Table (J-1) 
let J = 0 ! zero to exit loop 
os 
let J = J - 1! one step backward 
LOOP — 


END IF | 
let Found = | FALSE 


DO WHILE (Index <= NData) AND (Found = FALSE) 
let J = Ptr (Index) 
let S$ = Item$(J) [1:1] 
IF S$ = CS THEN ! Match found 
let Found = TRUE 
let 9 = Index ! store entry index 
ELSE 
let asx = - Index + 1 ! increment index for more search 
| END IF 
LOOP 


NEXT Char Index i 


end sub 


sub ShellSort 
! Sort the pointers and keep Item$() unchanged 


! Initialize pointers 
FOR I = 1 TO NData 

jet Ptr{I) = I 
NEXT I 


! Start the Shell sort 
let Offset = NData 
(continued on next page) | 


Example 3: True BASIC source code for module Sort 
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Whenever you want to write a string 
using the NewI/O version, you write 
NewlO.WriteString(), and to use that 
of InOut, you write InOut.Write- 
String(). Of course, this forces you to 
use the dot notation with every 
identifier imported from NewIO and 






DO WHILE OFFSET > 1 
let OFfset = INT(Offset / 2) 
DO 





let InOrder = TRUE 


tet I = J + Offset 


let Tempo = Ptr(I) 


LOOP 
end sub 


| sub Sort and Index 





- CALL Set_Index 
| CALL ShellSort 


end sub 


dee; Search | Index (Datum$, Occur) 








let S$ = UCASES (Datum$[1:1)) 


let Table Index = Table (Index) ! 
let Occurance = ABS (INT (Occur) ) 


let Found = FALSE 
let More Loop = TRUE 










let J = Ptr(Table , index) |! 
IF DatumsS = 
let Occurance = 


let Found = TRUE 
let Search Index = 


let Table Index = 
END IF 


let Table Index = 


let More Loop = 
let Search | Index = 
END IF 
END IF 
LOOP 


ELSE 





let Search Index = 0 
END IF 


end def 


_ END MODULE 


Example 3: Continued 
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oe J = 1 TO (NData - Offset) 
IF Item$(Ptr(I)) < Item$(Ptr(J)) THEN 
let Ptr(I) = Ptrig) 


let Ptr(J) = Tempo 
let InOrder = FALSE 
END IF 
NEXT J 
LOOP UNTIL InOrder = TRUE 


! Search for the n th Occur{ance) of Datums in aay Sa Q) 
i Use index table for faster search 


/ 1 pick first chatacr 
let index = Ord(S$) - 64 ! Get index for search £ 


get index entry 
! assign Occur xe 


IF Table ; Index > 0 THEN ! Yes there 
DO WHILE (Table Index <= NData) AND — 


Item$ (J) THEN ! found a match 
Occurance - 1 ! Decre: 
IF Occurance < 1 THEN ! Yes, this the | n 


ELSE ! No! keep searching! se 
Table Index + a _ 


ELSE ! Should we keep searching? 
IF S$ = Item$(J) [1:1] THEN 


InOut. Alternatively, you can use the 
familiar import list for the most used 
module and keep using the dot nota- 
tion for the other ones. 

In True BASIC modules, a conflict is 
present on two levels: public vari- 
ables and exported routines. True BA- 



































is an ory) 










store pointer 












Ptr (Table inde K 












! Yes 











Table Index +1 
ELSE ! No, we are have gone too far a1 
FALSE ! stop loop: 
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C & PASCAL 
PROGRAMMERS 


Blaise Computing provides a broad range of pro- 
gramming tools for Pascal and C programmers, 
with libraries designed for serious software 
development. You get carefully crafted code 
that can be easily modified to grow with your 
changing needs. Our packages are shipped com- 
plete with comprehensive manuals, sample pro- 
grams and source code. 


C TOOLS PLUS 
$175.00 


NEW! Full spectrum of general-purpose utility 
functions; windows that can be stacked, re- 
moved, and accept user input; interrupt serv- 
ice routines for resident applications; screen 
handling including EGA 43-line text mode.sup- 
port and direct screen access; string functions; 
and DOS file handling. 


PASCAL TOOLS/TOOLS 2 
$175.00 


Expanded string and screen handling; graphics 
routines; easy creation of program interfaces; 
memory management; general program con- 
trol; and DOS file support. 


VIEW MANAGER 
$275.00 


Complete screen management; paint data entry 
screens; screens can be managed by your appli- 
cation program; block mode data entry or field- 
by-field control. Specify C or IBM/MS-Pascal. 


ASYNCH MANAGER 
$175.00 


Full featured asynchronous communications 
library providing interrupt driven support for 
the COM ports; I/O buffers up to 64K; XON/ 
XOFF protocol; baud rates up to 9600; modem 
control and XMODEM file transfer. Specify C or 
IBM/MS-Pascal. 


Turbo POWER TOOLS PLUS 
$99.95 


NEW! Expanded string support; extended 
screen and window management including EGA 
support; pop-up menus; memory management; 
execute any program from within Turbo Pascal; 
interrupt service routine support allowing you 
to write memory resident programs; schedul- 
able intervention code. 


Turbo ASYNCH PLUS 
$99.95 


Complete asynchronous communications 
library providing interrupt driven support for 
the COM ports; I/O buffers up to 64K; XON/ 
XOFF protocol; and baud rates up to 9600. 


RUNOFF 
$49.95 


NEW! Text formatter written especially for pro- 
grammers; flexible printer control; user-defined 
variables; index generation; and general macro 
facility. Crafted in Turbo Pascal. 


EXEC 
$95.00 


Program chaining executive. Chain one pro- 
gram from another even if the programs are in 
different languages. Shared data areas can be 
specified. 


CT a ae yy ee i yh 
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BLAISE COMPUTING INC. 


2560 Ninth Street. Suite 316 Berkeley. CA 94710 (415) 540-5441 
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MULTITASKING 


Introducing 


MultiDos Pius 
The new multitasking software 
for the IBM-PC. 


Ideal for developing applications 
in process control, data acquisi- 
tion, communications, and other 
areas. Check these features which 
make MultiDos Pius an unbeat- 
able value. 


e Run up to 32 programs concur- 
rently. 

e Your software continues to run 
under DOS. No need to learn a 
new operating system. 

e Use the compilers you already 
have. Supports software written in 
any language. 

e Operator commands to load/run 
programs, change priority, check 
program status, abort/suspend/ 
resume programs. 

e Programmatic interface via INT 15H 
for the following. 


* |ntertask message communica- 

tion. Send/receive/check mes- 

sage present on 64 message 

queues. 

Task control by means of 

semaphores. Get/release/check 

semaphores. 

Change priority-128 priority 

levels. 

Suspend task for specified 

interval. 

Spawn and terminate external 

and internal tasks. 

Disable/enable multitasking. 

and more! 

e Independent foreground / 
background displays. 

e Access to DOS while applications 

are running. 



















































Hardware/Software Requirements 
IBM PC/XT/AT or true clone. Mono- 
chrome/CGA display adaptors or 
equivalent cards only. Enough memory 
to hold MultiDos Pius (48 KB) and 
all your application programs. Also 
may need 4 or 16 KB memory for 


‘hidden screens’’ for each active task. 
MS-DOS (or PC-DOS) 2.0 or later 


operating system. 
ONLY 49.95 


Outside USA add $5.00 shipping and handling. 
Visa and Mastercard orders call toll- 
free: 1-800-367-6707. In Mass call 
617-651-0091, or send check or money 
order to: 


NANOSOFT 
13 Westfield Rd, Natick, MA 01760 


MA orders add 5% sales tax. Write for 
source code and quantity price. 
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STRUCTURED PROGRAMMING 
(continued from page 129) 


SIC uses the same storage location for 
identical public variables declared in 
two or more modules. It is your re- 
sponsibility to manage the values in 
duplicated public variables. The solu- 
tion is relatively simple: reassign 
their values to program variables 
with different names. This protects 
you from unwanted changes in the 
values of public variables while call- 
ing different modules. Concerning 
duplicate routines, True BASIC con- 
siders the first duplicate routines to 
be valid ones. The only remedy is to 
change the duplicate routine names. 
e All the current IBM PC Modula-2 im- 


plementations link entire library 
modules without performing code 
optimization. Import one routine, 
and the rest of the library follows! By 
contrast, linking a True BASIC main 
program with libraries and modules 







! _ PROGRAM sort_ and_| Search 









- Library “Sort mim 
DECLARE DEF Search _ index : 
- DECLARE PUBLIC Item$ Q), e NData 


CLEAR 










let NData = 0 
1! Count items in DATA statements 
DO WHILE MORE DATA. 





RESTORE ! DATA oo nate: 
CALL Set_Up | | Adjust 2 








FOR I = 1 TO NData 
READ re 
NEXT I 



















DO 





PRINT 
END IF 
LOOP UNTIL Search$[1:1] = "oO" 








DATA SOR, TAN, SIN, COS 


DATA FUNCTION, VAR, TYPE 


END 


ait 4c needed - 


! Read DATA into teens 0). now that we have enough sp 


Se: arch for first occurance 


= sought Keyword or [a] to exit - 


ne " is item number * Search _Index (Searchs, Occur) . 
oe ANY KEY TO EXIT " 


! DATA statements contain a list of Pascal keywords 
DATA WRITE, READ, ASSIGN, SEEK, HI, — 


DATA IFF, THEN, ELSE, WHILE, REPEAT, BEGIN 


| DATA RECORD, SET, FOR, PROCEDURE, PROGRAM 


is optimized. 


The advanced software engineer- 
ing features of True BASIC add more 
power and punch to BASIC. The im- 
plementation of modules is indeed 
controversial, and I expect it to gen- 
erate great likes and dislikes. 


Availability 

All the source code for articles in this 
issue is available on a single disk. To 
order, send $14.95 to Dr. Dobb’s Jour- 
nal, 501 Galveston Dr., Redwood City, 
CA 94063 or call ( (415) 366-3600 ext. 
216. Please specify the issue number 
and format (MS-DOS, Macintosh, 
Kaypro). 


DDJ 


Vote for your favorite feature/article. 
Circle Reader Service No. 7 


CALL Sort _and_ Index t Sort and prepare index table - 






ee _ 













LO, ox 


Example 4: True BASIC source code for application program using 
module Sort, shown in Example 3 
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QUIT DOING 
GRUNT WORK. 





Let Greenleaf do it for you 
and set you free. 


C Program developers, 

stop slaving! 

Greenleaf libraries have the 
functions you need — already 
perfected and in use by winning 
program developers in major 
corporations such as IBM, EDS 
and GM. 


Between our Greenleaf Functions 
and Greenleaf Comm Library, we 
have over 340 functions on the 
shelf. Each one can save you 
time and effort. Money, too. 


Many C programmers have told 
us that, even if they only use one 
or two functions, our products 
easily pay for themselves: 


The Greenleaf Functions 


The most complete and mature C 
language function library for the 
IBM PC, XT, AT and close 
compatibles. Our version 3.0 
includes over 225 functions — 
DOS, disk, video, color text and 
graphics, string, time/date, 
keyboard, new disk status and 
Ctr1-Break control functions plus 
many more! 


The Greenleaf Comm Library 
Our 2.0 version is the hottest 
communications facility of its 
kind. Over 120 all new functions 
— ring buffered, interrupt-driven 
asynchronous communications. 


Call Toll Free 


1-800-523-9830 


In Texas and Alaska, call 


214-446-8641 











GREENIEAI 


Greenleaf Software, Inc. 


1411 LeMay Drive Suite 101 
Carrollton, TX 75007 
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If you need more than 2 ports, 
only Greenleaf gives you the total 
solution — boards, software, and 
complete instructions that enable 
you to build a 16-port 
communication system. 


And no matter how many ports 
you have, it’s virtually impossible 
to lose information with multiple 
file transfers. XMODEM, XON/ 
XOFF and Hayes modem 
controls are featured. 


We support all popular C 
compilers for MS DOS: Lattice, 
Microsoft, Computer 
Innovations, Wizard, Aztec, 
DeSmet and Mark Williams. 


Order today! 


Order a Greenleaf C library now. 
See your dealer or call 1-800- 
923-9830. Specify compiler 
when ordering. Add $8 for UPS 
second day air, or $5 for ground. 
Texas residents, add sales tax. 
Mastercard, VISA, P.O., check, 
COD. In stock, shipped next day. 


Greenleaf 

Comm Library v2.0 $185 
Greenleaf Functions v3.0 $185 
Digiboard Comm/4-II $315 
Digiboard Comm/8-II $915 


We also sell compilers, books and 
combination packages. 


COLUMNS 


ARTIFICIAL INTELLIGENCE 


Object-Oriented Lisp on PCs 


his month I am going to focus on 

a very powerful yet inexpen- 
sive version of LISP for PCs and com- 
patibles that offers an object-oriented 
extension called SCOOPS and other in- 
teresting features. 


PC Scheme 2.0 

PC Scheme 2.0, from Texas Instru- 
ments, is one of the most impressive 
programming tools currently avail- 
able for the development of AI-ori- 
ented software on PCs. One of the 
reasons for this is that it is a dialect of 
LISP compact enough to be viable on 
the PC without hobbling the power 
of the language. It is useful as a learn- 
ing tool as well, both because of its 
low price and because of its compati- 
bility with the standard textbook 
used for teaching undergraduate 
programming courses at MIT—The 
Structure and Interpretation of Com- 
puter Programs, by Abelson and Suss- 
man (MIT Press, 1985). PC Scheme has 
many features that previously have 
existed only on expensive hardware 
such as LISP machines. There are lim- 
its as to what such features can do 
when running on small machines, 
but their very presence is highly wel- 
come and a strong indication of the 
power now available to program- 
mers at an affordable price. 

PC Scheme is a superset of the 
Scheme dialect of LISP, which was de- 
veloped ten years ago at MIT by Guy 
Steele and Gerry Sussman as a medi- 
um for teaching new and powerful 


by Ernest R. Tello 


programming concepts. Today 
Scheme is considered one of the most 
modern and progressive of the LISP 
dialects. Because much of its power is 
available in a relatively small size, 
Scheme has many advantages for 
small machines. This version of the 
Scheme dialect is one of the relative 
newcomers in the family of LISP im- 
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plementations for PCs. 

What is so different and so special 
about Scheme? And how does it com- 
pare with Common LISP? 

Scheme is like Common LISP in that 
it supports the lexical scoping of vari- 
ables, but it also offers several other 
important and progressive ideas that 
still have not passed into the LISP 
mainstream, though it is possible that 
in the future many of them will. 

Although at first it seems as though 
Scheme is loaded with a kitchen sink 
of various programming ideas, the 
underlying basis of it is actually quite 
simple and well integrated. One im- 
portant idea in Scheme is that of an 
environment that can be saved as a 
context, allowing control to shift tem- 
porarily to another such environ- 
ment and then to return again to the 
original environment. This may 
sound like the context switching that 
is familiar to computer scientists 
working at the systems level, but 
here it has a different meaning. Here, 
the context in terms of an environ- 
ment means a set of bindings of vari- 
ables and named functions taken as a 
unit. 

A programming concept that is tak- 
en particularly seriously in Scheme is 
that of first-classness. This idea did 
not originate with Scheme, but in this 
dialect of LISP, it has been taken to its 
most complete expression. Generally 
speaking, a first-class object is one 
that has no restrictions on the way it 
can be used. More specifically, in 
most programming languages, only 
numbers, characters, and strings at 
the most are first-class objects. Even 


here, frequently only integers are 
really first class, not numbers in gen- 
eral, and often there may be certain 
restrictions on the use of one or more 
of these types of objects in various re- 
spects. Usually, for example, you can- 
not pass arrays, records, and func- 
tions as arguments to functions or 
store them in one another. Even in 
conventional LISP dialects, some spe- 
cial handling is required when a 
function is passed as an argument to 
another function. 

In this respect, Scheme is quite rad- 
ical. The idea is for everything in 
Scheme to be a first-class object. In PC 
Scheme, for example, not only proce- 
dures but also environments and two 
other things called continuations and 
engines can be stored in compound 
data structures, returned as argu- 
ments by a procedure, and bound to 
variables in three distinct ways. 

Functions in LISP are defined 
through lambda bindings. Because 
this is strongly analogous to variable 
binding, some LISP afficionados have 
wondered why functions are not de- 
clared just like variables and lists as: 


(SETO [name] lambda [args] function- 
body) 


Well, in Scheme, this is exactly what 
happens, although it is the SETQ that 
is dropped and DEFINE is used for the 
binding of all objects globally with 
lexical scoping. SET! is used only for 
changing the binding of objects that 
have already been created. Scheme 
uses the convention that functions 
ending in an exclamation point modi- 
fy their arguments and those that 
end in a question mark are predicates 
that return true or false. So, for exam- 
ple, zerop in LISP becomes zero? in 
Scheme. 

The commitment to making every- 
thing in Scheme a first-class object is 
nothing short of revolutionary. It is 
staggering to think of the full poten- 
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tential of a programming system 
with such capabilities. It is doubtful 
whether anyone has attempted to 
take this feature of Scheme to the lim- 
its of its power. 

This is by no means the only radi- 
cal concept in the Scheme design, 
however. Another concept that is im- 
portant in the Scheme dialect is that 
of a continuation—a basic concept of 
control structures in programs. 
Many of the more familiar LISP con- 
trol structures such as catch and 
throw can be regarded as exemplify- 
ing the idea of a continuation, but in 
Scheme the more general construct is 
available that enables the more spe- 
cific ones to be custom-built. Essen- 
tially, a continuation is the process to 
which a computation will progress at 
a future point in time as has been 
specified through a programming 
construct. More specifically, the con- 
tinuation is the part of a program that 
can be thought of as waiting for the 
result of a current computation, and 
in Scheme such a continuation is a 
first-class object, just as any current 
piece of data can be. 


Control Structures 
Some LISP programmers might be 
shocked to learn that there are no 
PROGs in Scheme. This is somewhat 
more of a policy statement than an 
absolute exclusion, however. 
Scheme has some other special forms 
for control that, although they do not 
specifically replace PROGs, certainly 
do nearly anything that most PROG 
constructs can. One exception to this 
is PROG2, because Scheme does not 
seem to have a control form that eval- 
uates only the second clause in a se- 
quence. But obviously there are 
other ways of doing what PROG2 
does. Many stalwart LISP program- 
mers consider the wholesale use of 
PROG constructs to be a crutch to be 
avoided whenever possible, much 
like the way structured program- 
ming acolytes feel about GOTOs. 
LETREC is an interesting variant of 
the LET macro that allows a construct 
called mutually recursive functions, 
which by definition typically come 
in pairs. The best way of understand- 
ing this is by a specific example. The 
following one is from the PC Scheme 
manual; it implements two interde- 
pendent functions, even? and odd?, 
within the same binding environ- 
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ment, each of which recursively calls 
the other: 


(define odd-r-even 
(lambda (n) 
(letrec 
(even? 
(lambda (n) 
(if (zero? n) 
#!true 
(odd? (-1+ n))))) 
(odd? 
(lambda (n) 
(if (zero? n) 
#\false 
(even? (-1+ n))))))))) 


The LETREC control structure allows 
two or more lambda procedures to 
be defined in the same environment. 
None of the lambda procedures are 
self-sufficient, but collectively they 
work in a highly efficient manner by 
calling one another for parts of their 
operation. 


The Full-Screen Editor 

PC Scheme comes with a powerful 
Emacs-style editor that offers many 
useful and convenient enhance- 
ments, though the speed of many of 
its operations could be improved 
upon. One useful innovation is that, 
as you enter right parentheses, not 
only does the matching parenthesis 
become highlighted and blink but 
also the expression with which the 
clause begins that is enclosed by 
these parentheses is printed in a mes- 
sage area down at the bottom of the 
screen. This is considerably more 
than a cosmetic enhancement be- 
cause in those cases in which a long 
LISP function is used—larger than a 
single screen—the blinking paren- 
thesis approach alone is useless. This 
enhancement virtually puts to an 
end any need for counting parenthe- 
ses needed at the end of a LISP func- 
tion on a routine basis, though for de- 
bugging, of course, it still never goes 
away. 


Engines 

As I indicated briefly earlier, PC 
Scheme supports an extension that 
includes a special construct that pro- 
vides for resource-oriented schedul- 
ing. An engine is a special procedure 
that is given a certain time, measured 
in ticks that are based on hardware 
clock interrupts, to complete its com- 


putation. It is supervised by two rou- 
tines called the a success procedure 
and the a failure procedure. If the en- 
gine’s computation is completed be- 
fore its assigned time has expired, 
then the success procedure is in- 
voked and the result, together with 
the number of expired ticks, is re- 
turned. If the time expires before the 
computation is finished, the failure 
procedure is invoked with the cre- 
ation of a new engine, which contin- 
ues the original computation. Al- 
though there is no built-in support 
for allowing a running engine to in- 
voke another engine, the implemen- 
tation of such nested engine mecha- 
nisms is possible using certain special 
techniques. Engines are particularly 
well suited for developing discrete 
time simulation applications, which 
ordinarily would require multipro- 
cessing support on the operating sys- 
tem level. 


SCOOPS 

Although object-oriented program- 
ming with the message passing para- 
digm is not a necessary part of the 
Scheme dialect, it seems to fit in well 
with the Scheme approach. TI has in- 
cluded a powerful object-oriented 
extension called SCOOPS with PC 
Scheme. The two things that make 
the SCOOPS extension alone more 
than worth the price of the whole 
package are its support of multiple 
inheritance and active values— 
things that previously were only 
available on very expensive 
hardware. 

The object-oriented approach used 
by the SCOOPS package is the nonhier- 
archical mixins made popular by the 
Flavor system used on Symbolics LISP 
machines. Like Smalltalk and most 
object-oriented programming sys- 
tems, SCOOPS has a class system and 
the ability of classes to inherit vari- 
ables and functions from other class- 
es. But unlike Smalltalk and like Fla- 
vors, SCOOPS classes are not limited to 
inheritance from superclasses in a 
simple tree hierarchy. Mixins allow 
classes to be defined that can inherit 
from any other classes the program- 
mer chooses. 

SCOOPS’ support for active values— 
the capability often called procedur- 
al attachments in frame-based sys- 
tems—greatly extends the power of 
its class system because active values 
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(continued from page 133) 


provide a means to assign a function, 
or even a complex program, to be 
evaluated whenever an active value 
variable is accessed. This provides for 
association of complex data struc- 
tures to SCOOPS instance variables 
and the opportunity for calculated 
values based on both initial assign- 
ments to an instantiated object and to 
conditions in a dynamically chang- 
ing environment. 

To illustrate the use of active val- 
ues, you can take a simplified version 
of the difficult problem of composite 
objects as used in the CommonLoops 
system at Xerox PARC. A composite 
object is an instance of a class that is 
considered as composed of objects 
that are instances of other classes, 
some of which may themselves be 
composite objects. For example, the 
body is composed of a head, arms, 
legs, and torso. The head, hands, and 
feet can also be represented as com- 
posed of other objects such as eyes, 
ears, fingers, toes, and soon. How can 
composite objects be implemented in 
a system such as SCOOPS? Ordinarily, 
SCOOPS does not even support lists as 
values of slots or instance variables, 
much less more complex data struc- 
tures. At the minimum, a composite 
object has to contain a list of all of its 
components. Active values allow this 
to be done by assigning procedures to 
instance variables that access exter- 
nal data structures and knowledge 
structures. The format for specifying 
an active value is: 


(instvar 
( [VARIABLE] 
(active [INITIAL-VALUE] 
[GET-FUN] 
[PUT-FUN] 


Here, GET-FUN and PUT-FUN represent 
two procedures—each of one argu- 
ment only—that are automatically 
evaluated when the usual get and put 
methods for an instance variable are 
sent to an object. The INITIAL-VALUE 
of the variable is the argument that is 
passed to these functions. 

One way to make the functions ac- 
cess a list—so that when the usual get 
method is used, it returns, for exam- 
ple, a list of the composite object's 
component parts—is to make the ini- 
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(define-class composite-object 
(classvars class-part-name class-part-num) 
(instvars (part-names (active parts get-parts add-part)) 
(numbers-of-parts (active '#-parts num-parts 
more-parts) )) 
(options 
(gettable-variables class-part-name part-names 


numbers-of-parts) 


settable-variables 
inittable-variables) ) 


(define human-body-parts '() ) 
(putprop 'human-body-parts 1 'head) 
(putprop ‘human-body-parts 1 'neck) 
(putprop ‘human-body-parts 2 '‘arms) 
(putprop ‘human-body-parts 2 'hands) 
(putprop ‘human-body-parts 1 'trunk) 
(putprop ‘human-body--parts 2 '‘legs) 
(putprop ‘human-body-parts 2 'feet) 


(define (num-parts p-list) 
(princ p-list)) 


(define part-map (proplist 'human-body-parts) ) 


(define-class body 
(classvars (class-part-name 'body-parts) (class-part-num 
*thuman-body-parts) ) 
(mixins composite-object) ) 


(define body-parts ‘(head neck arms hands trunk legs feet)) 


(define-method (composite-object put-cpart-name) (new-part) 
(set! body-parts 
(append (eval (get-class-part-name) ) 
(list new-part) ))) 
(define (add-part new-part) 
(append! (get-class-part-name) (list new-part) )) 


(define (get-parts val) 
(princ val) ) 


(define my-body 
(make-instance body 
‘part-names body-parts 
*‘numbers-of-parts part-map )) 


(compile-class composite-object) 


(compile-class body) 
Example 1: Composite objects in SCOOPS 
[26] (describe body) 
CLASS DESCRIPTION 


NAME 
CLASS VARS 


BODY 

(CLASS-PART-NAME CLASS-PART-NUM) 

INSTANCE VARS (NUMBERS-OF-PARTS PART-NAMES ) 

METHODS >: (GET-CLASS-PART-NAME SET-CLASS-PART-NUM 
SET-CLASS-PART-NAME SET-PART-NAMES GET-PART-NAMES SET-NUM- 


BERS-OF-PARTS GET-NUMBERS-OF-PARTS PUT-CPART-NAME) 


MIXINS : 
CLASS COMPILED =: 
CLASS INHERITED : 
() 


(COMPOSITE-OBJECT) 
#!TRUE | 
#!TRUE 





Example 2: PC Scheme description of the class Body as displayed on the 
screen 
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ARTIFICIAL INTELLIGENCE 
(continued from page 134) 


tial value of the active value variable 
the name of the list of parts and de- 
fine the get and put functions such 
that they can return and append this 
list. The appending function is tricky 
to implement because it needs the 
name of the list so that things can be 
appended to it. Because it is desirable 
to make such a function as general as 
possible so that it can be used with 
any composite object, it has to have a 
way of finding the name of the spe- 
cific list of parts that applies only to 
the particular object in question. The 
problem is that the initial value, 
which is the name of the list in ques- 
tion, is not returned by its normal get 
function anymore but is passed as an 
argument to the active value func- 
tion. One way to get around this 
problem is to use another variable 
that is not an active value variable to 
store the name of the list where it 
may be easily accessed by a global 
function. 

I'll now illustrate a successful ap- 
plication of this strategy in PC 
Scheme. Two classes have been im- 
plemented—Composite-Object and 
Body—where the first is a mixin, or 
superclass, for the second. The code 
for these classes is supplied in Exam- 
ple 1, page 134. When you ask 
Scheme to describe the class Body, 
you see the screen display shown in 
Example 2, page 134. The variables of 
Body have all been inherited from 
Composite-Object. The variable part- 
names is implemented as an active 
value that accesses a list and prints its 
contents when called. The variable 





numbers-of-parts is also an active val- 
ue, but in this case, its get function 
returns and prints a property list that 
contains a list of body parts each with 
the property of how many such parts 
the body should contain. One possi- 
ble extension of this example would 
be to define various-subclasses for dif- 
ferent types of organisms. So, for ex- 
ample, humans, horses, ants, spiders, 
and centipedes would have different 
entries on their property lists for the 
number of legs. 

Using the current example I creat- 
ed an instance of the Body class 
called My-Body. I set the values of its 
variables so as to reference appropri- 
ate lists and property lists for the 
names and numbers of its parts. 
Then, sending it the messages indi- 
cated produced the results: 


[27] (send my-body get-part-names) 
(HEAD NECK ARMS HANDS TRUNK LEGS 
FEET) 


[28] (send my-body get-numbers-of- 
parts) 

(FEET 2 LEGS 2 TRUNK 1 HANDS 2 ARMS 2 
NECK 1 HEAD 1) 


One of the nice discoveries I made 
when developing this use of active 
values is that, once this interface to 
more complex auxiliary data struc- 
tures has been correctly implement- 
ed, the values will then actually be 
displayed as if they are part of the 
object when the describe function is 
called. So, in the case of the object 
My-Body, which is an instance of the 
Body class, the following result is re- 
turned when_ requesting its 
description: 


Changing Your Address? 


To change your address, attach your address label from the cover 
of the magazine to this coupon and indicate your new address below. 


Name 
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[30] (describe my-body) 
INSTANCE DESCRIPTION 


Instance of Class BODY 

Class Variables : 

CLASS-PART-NAME : BODY-PARTS 

CLASS-PART-NUM : HUMAN-BODY- 
PARTS 


Instance Variables : 
NUMBERS-OF-PARTS : (FEET 2 LEGS 2 
TRUNK 1 HANDS 2 ARMS 2 NECK 1 HEAD 1) 


In the full implementation of the 
Composite-Object class, there would 
be various additional methods, in- 
cluding one that could automatically 
initialize the objects that were part of 
any instance of this class or any of 
those of which it was a mixin. This 
method would include a recursive 
procedure that would access the 
part-names slot to get a list of all of its 
components and then the numbers- 
of-parts property list to find out how 
many of each were needed. You 
could then repeat this for all of those 
parts that were also composite ob- 
jects, until all the objects being instan- 
tiated were simple and not compos- 
ite. AS a variant, you could build a 
subclass of Composite-Object, like the 
Perspective class in KRL and Loops, in 
which the objects that were its com- 
ponents would only be instantiated 
on request. The idea of a Perspective 
is a composite whose components 
are not exactly parts but various dif- 
ferent roles in which the individual 
object participates. In this sense, it 
would be as if the individual had var- 
ious distinct aspects, each of which 
could independently be members of 
different classes. 
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Real programmers don't use dBASE. Or do they? 

Were finding that some very swift programmers are using it to 
write some very fast applications, 
and are completing their 
projects much more quickly. 


With dBASE used like 


But they cheat. 

They use our Clipper™ 
compiler to combine dBASE™ 
with C and assembler. 


= Nantucket. 
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pseudo-code, they can then quickly create 
prototypes that actually run. 

Then, with dBASE doing the high-level database functions, 
they use our Clipper compiler to link in C or assembly language 
modules from their own bag of tricks. 

And they're finding that they're linking in less than they 
expected because Clipper compiled code runs so fast and 
because of Clipper's built-in enhancements. 

Clipper includes easy networking that provides file and 
record locking the way it should be done. 

Fast screens that can be treated as memory variables and 
eliminate the need for direct screen writes and all that tortuous 
heap management code. 

Box commands that make 
windowing a breeze. And more. 

So if youd like to use your time 
more productively, check us out: 
Nantucket Corporation, 

12555 W. Jefferson Boulevard, 
Los Angeles, CA 90066. 

Or if you're on deadline, call 
(213) 390-7923 today. 

Clipper could get you out of 
the soup. 
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, this complete collection of practical 
programming tips and techniques for the 
68000 family, you'll find the best articles on 
68000 programming ever published in Dr. 
Dobb’s, along with new material from 68000 
experts. You'll find a set of development tools, 
routines, useful applications, and examples to 
show you why computers using the 68000 chip 
family are easy to design, produce and 
upgrade. All programs are available on disk. 
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M: Kaypro, Osborne, Apple, Zenith Z-100 DS/ 
DD, 8” SS/SD. 

Small-Tools Item #010A $29.95 


~Small-Mae: 
An Assembler 
for Small-C 








T his package includes: a simplified macro 
facility, C language expression operators, 
object file visibility, descriptive error messages 
and an externally defined instruction table. 
Source code and documentation is included. 
CP/M only. Please specify: Kaypro, Osborne, 
Apple, Zenith Z-100 DS/DD, 8” SS/SD. 

Small-Mac Item #012A $29.95 


The Small-C 
Handbook 





& Small-¢ 
Compiler 


T 





his compiler and handbook provide 
everything you need for learning how 
compilers are constructed, and for learning C 
at its most fundamental level. You'll find a 
discussion of assembly language concepts and 
program translation tools, and of how to 
generate a new version of the compiler. Full 
source code is included. Please specify MS /PC- 
DOS or CP/M: Kaypro, Osborne, Apple, Zenith 
Z-100 DS/DD, 8” SS/SD. 





CP/M Compiler & Handbook Item #006B $37.90 
MS/PC-DOS Compiler & Handbook Item #006C $42.90 


Special Packages 


cP/MC 
Package Save 


gov’ eceive: Dr. Dobb’s Toolbook of C, The Small-C 
aves Handbook and Small-C Compiler, Small-Mac 
% Assembler, and Small-Tools Text Processing 


e21 Programs. Only $99.95! 


CP/M Package Item #005A $99.95 


MS/PC-DOS C 
Package 


eceive: Dr. Dobb's Toolbook of C, The Small-C 
ook, Handbook and MS/PC-DOS Addendum, 
Q- Small-C Compiler, Small-Tools Text Processing 
& Programs and Small Windows. Only $109.95! 
MS/PC-DOS 
Package Item #005W $109.95 











To Order: Return this order form with your payment to M&T Books, 
501 Galveston Dr., Redwood City, CA 94063 


Or, Call TOLL-FREE 800-533-4372 Mon-Fri 8AM-5PM 
In CA call 800-356-2002 


Name 

Address 

OY a a UI gah ene 

Item # Description Price 


Subtotal___ 
CA residents add sales tax __% 
Add $2.25 per item for shipping_____ 
TOTAL 
Please specify disk format 


[_] ms/pc-pos [] Macintosh [_ ] Applet [—] Amiga [_] Atari 520st 
CP/M [ ] Kaypro P=] Osborne 4 Apple 


[__] Zenith z-100 bs/pp_[_ | 8” ss/sp 
¥@ Check enclosed. Make Payable to M&T Publishing. 
Charge my fa VISA [ ] M/C [ ] Amer.Exp. 
Card No. 
Exp. Date 


Signature 


1 
: ¥ 
Q i 
cK y 
A g 
k q 
A i 
A f 
R 4 
E i 
i 5 
f 
b f 
Kl B 
bs f 
E i 
E Q 
ck 5 
A 5 
q d 
é 8 
h 4 
E a 
d 4 
i 5 
a a 
Ki A 
a 8 
A E 
E : 
f 4 
a 4 
i a 
a a 
5 4 
a : 
i 4 
a : 
i 4 
E q 
a g 
ql q 
a a 
a a 


3127B 




























Get a Grip 
on Assembly 
Language. 
The award winning 
Visible Computer: 


8088. 








The Visible Computer is a book and 
software combination for mastering 
the elusive skills of assembly lan- 
guage. PC Tech Journal took one look 
and made it their September ’85 
“Program of the Month.” 

It’s an animated simulation of the 
PC’s microprocessor that lets you see 
with your own eyes how assembly 
language works. You'll be using it as 
a debugging tool for years to come. 

It’s a tutorial. A lot of people think 
the 350 page manual is the best book 
on assembly language ever written. 

It's 45 demonstration programs you'll 
execute with the simulator, from simple 
register loads to advanced programs 
that manipulate interrupts and perform 
file I/O. And what you'll learn applies to 


all 86 family proces- $79 95 
* 


sors, including the 
80186 and 80286. _ not copy protected 









The Visible Computer for IBM PC/XT/AT and true 
compatibles. If your dealer doesn’t have it, order direct: 
Software Masters, 2714 Finfeather, Bryan, TX, 77801. 
(409) 822-9490. Please include $3.00 shipping. 

Bank cards accepted: 






VC takes you inside 
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(continued from page 14) 


Finally, print out a copy of every pro- 
gram that does not print out a copy of 
itself. 

This program, in the process of 
generating all programs, will eventu- 
ally generate itself. Does it print out a 
copy of itself? If it does, it is breaking 
the rule by printing out a copy of a 
program that prints out a copy of it- 
self. If it does not, it is breaking the 
rule by failing to print out a copy ofa 
program that does not print out a 
copy of itself. This fatal contradiction 
proves that the halting problem has 
no solution. | 

You may recognize this as Russell’s 
paradox (the set of all sets that do not 
contain themselves) or as the barber 
paradox (the barber who shaves ev- 
ery man who does not shave 
himself). 

Any problem that a debugger can 
convert to the halting problem, such 
as the string-output problem, is 
equally unsolvable. Some other obvi- 
ous examples are: 


1. determining whether a program 
will reach a specified point (Ada pro- 
grammers: this is why PROGRAM_ 
ERROR has to be a run-time error, not 
a compile-time error) 

2. determining whether a variable is 
initialized before it is used 

3. determining whether a given seg- 
ment of code is inaccessible and will 
never be executed 

4. determining whether two pro- 
grams do the same thing 


Of course, a debugger or compiler 
can sometimes predict such errors— 
for example, inaccessible code can 
sometimes be identified at compile 
time. But universal solutions to such 
problems do not exist. 

The impossibility of determining 
whether two programs do the same 
thing means that it is always possible 
to defeat a certain kind of Trojan 
horse. In a lecture reprinted in the 
Notices of the ACM (August 1984), Ken 
Thompson argued that he could put a 
Trojan horse into a C compiler that 
would miscompile the login state- 
ment to allow him access to any Unix 
system compiled with it, and it 
would miscompile the C compiler to 
insert a copy of itself. The Trojan 
horse itself would not appear in the 
source code for the C compiler. In a 


letter to the editor, Steve Draper not- 
ed that such a Trojan horse can be 
defeated by paraphrasing the C com- 
piler (writing different code that does 
the same thing) and then recompiling 
it. No Trojan horse can infallibly rec- 
ognize paraphrased programs— 
hence there is always a paraphrase 
that will defeat the Trojan horse. 

My own opinion in this matter is 
that, unless the Trojan horse were 
skillfully written, most paraphrases 
would defeat it, and in fact it would 
probably be defeated eventually by 
normal software maintenance. Any 
Trojan horse smart enough to recog- 
nize most paraphrases would proba- 
bly be much larger than the rest of 
the C compiler. You'd never get it 
through the gates. 

The halting problem is intimately 
related to two other problems, which 
were posed by the mathematician 
David Hilbert in 1900. Is there a for- 
mal proof or disproof for every 
mathematical statement? Is there an 
algorithm to find proofs? 

The first question was answered in 
the negative by Kurt Goedel in 1931. 
Goedel’s proof was complex, but if 
you accept the unsolvability of the 
halting problem, it can be proved 
simply. Whether a particular pro- 
gram halts is a mathematical state- 
ment. In fact, many mathematical 
theorems are already special cases of 
the halting problem because you can 
write a program to search for coun- 
terexamples and halt when it finds 
one. The theorem is equivalent to the 
assertion that the program never 
halts. 

If there were always a formal 
proof or disproof of the assertion that 
a program halts, then you could sim- 
ply generate all proofs (more or less 
as the program described earlier gen- 
erated all programs) until you found 
either a proof or a disproof. That 
would solve the halting problem. Be- 
cause the halting problem is in gener- 
al unsolvable, there must be at least 
one mathematical statement of this 
kind that is undecidable—that is, it 
cannot be formally proved or 
disproved. 

This shows that it is impossible in 
general to prove that a program 
works. Specific programs or limited 
classes of programs can be proved to 
do certain things, but there is no way 
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to do this for every program. 

Given that some mathematical 
statements are undecidable, is there a 
program, the ‘‘decidability pro- 
gram,’ that can tell whether any 
mathematical statement is decidable, 
even without deciding whether it is 
true or false? As you might have 
guessed from the tone of this article, 
the answer is again no. If you have a 
decidability program, you can take 
any program and ask whether it 
halts. Then apply the decidability 
program to this question. If the ques- 
tion is decidable, a search of all 
proofs will prove it or disprove it. If 
the question is undecidable, then the 
program never halts; otherwise, you 
could prove that it halts by simply 
running it until it halts. 

Therefore, theorem-proving pro- 
grams, however successful they 
might be in limited areas, can never 
prove everything. Some things must 
always remain beyond their grasp. 

These arguments are not rigorous 
in the mathematical sense because 
too much has been left out. A major 
part of Turing’s and Goedel’s work 
involved formalization of the con- 
cepts of “computation” and ‘‘proof”’ 


to the point at which their arguments 
would be accepted by mathema- 
ticians. 

You may have already spotted one 
tacit assumption that does not corre- 
spond to reality. The programs are 
not constrained by memory limita- 
tions. If a program does have a mem- 
ory limitation, then the halting prob- 
lem can in theory be solved—but 
only by a program with a much larg- 
er memory. 

This is how it can be done. A pro- 
gram with a memory limitation has 
only a finite number of states. A de- 
bugger can single-step it, keeping 
track of the states it has occupied. If it 
occupies the same state twice before 
halting, it will repeat the same se- 
quence of states indefinitely and will 
never stop. 

To do this, the debugger needs 
enough memory to keep track of 
which states the program has occu- 
pied. Only one bit is required for 
each possible state, but the number of 
possible states for even a simple pro- 
gram is truly mind-boggling. Every 
combination of bits in the memory is 
a different state. Hence a program 
with only 1,024 bytes of memory has 
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at least 2'1024x8) states due to mem- 
ory configuration alone, to say noth- 
ing of flags and registers. This num- 
ber of flip-flops would not fit into the 
entire known universe. It can there- 
fore be said that the halting problem 
has no solution even in this case. 

It should be clear, then, that there 
are definitely some limits to what ar- 
tificial intelligence can accomplish 
and that mathematicians’ and pro- 
grammers’ jobs can never be com- 
pletely automated. (This is a great 
comfort to me because I am a math- 
ematician and programmer.) 

Only perfect solutions are impossi- 
ble, however. It can still be argued, 
and it is argued by some, that artifi- 
cial intelligence programs will even- 
tually be able to solve every problem 
that the human mind can solve, with 
at least the same success rate. And if 
the only requirement is practical so- 
lutions, not perfect solutions, then 
many interesting but theoretically 
unsolvable problems can be solved. 
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verything you need to write dramatic 
graphics effects into your Eco-C88 C 
programs. Some of the features include: 
e Support tor EGA, CGA, and Z100 
e Over 100 graphics and support functions, many 
of which are PLOT-10 compatible. 
e Many low level support routines reside outside 
your small model code-data area 
Can write dots thru the BIOS (for compatibility) 
or to memory (for speed) 
e Graphics function help from CED editor 
available 
World, pixel or turtle color graphics modes 
47 standard fill patterns, 17 line dashing 
patterns, Hershey fonts, plus user defineable 
fill, dash and fonts 
e Supports view areas, rotateable fonts, clipping, 
arbitrary fill areas, extensive error checking, 
examples, and user’s manual. 
A must for the graphics enthusiast and a 


bargain at only 3995 


*Requires Eco-C88 C Compiler. 





This windowing library allows you to add pop up 
windows in your C programs quickly and easily. 
Use them for help windows, selection menus, error 
messages, special effects — anywhere you need an 
attention getter. Just some of the features include: 
e CGA, EGA, and monochrome support 
e Slow mode option for “flicker” displays 
e Control any program that goes through the 

BIOS 
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Use up to 255 windows 

No special window commands; use print f () 
Resize and move windows 

Custom window titles and borders 

Can be used with ANSI device driver 

Most of window's code-data lies outside small 
model limits 

Use any of the IBM text or block characters 
User's manual and examples 

The Windowing Library requires an IBM PC 
compatible BIOS and the Eco-C88 C compiler. 


ONLY $29.95 





Now you can combine your modules, functions, 
and subroutines into your own library for easy link 
commands. Fully compatible with ANY standard 
OBJ format files (not just Ecosoft's products). 
With the Ecosoft librarian, you can: 

e Add, delete, and extract from a library 

e Get table of contents or index of a library 

¢ Combine libraries, control library page size, use 
switches for combinations, process complex 
library requests, use wildcards, and do library 
directives from command files. 

e Complete with user’s manual 
A valuable addition for any programmer. 


ONLY $29.95 


Orders only: 


1-800-952-0472 


Technical Information: 
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A C compiler with many ANSI enhancements 
at an unbelievably low price. The Eco-C88 C 
compiler has: 

e Prototyping (the new type-checking 

enhancement) 

Enum and void data types 

Structure passing and assignment 

All operators and data types 

A standard library with more than 200 func- 

tions (many of which are System V compatible 

for greater code portability) 

e CC and mini-make that all but automates the 

compile process 

8087 support (we sense the 8087 at runtime 

— no dual libraries) 

e ASM or OBJ output for use with MSDOS linker 

e Tiered error messages — enable-disable lint- 
like error checking 

e Fast compiles and executing code 

e Expanded user’s manual 

e CED full-screen program editor 

Everything you need at the unbelievable 
price of $59.95. 

Eco-C88 C compiler requires an IBM PC, XT, or 
AT (or compatible) with 256K of memory, 2 disk 
drives and MSDOS 2.1 or later. 


Ecosoft Inc. 
6413 N. College Ave. 
Indianapolis, IN 46220 


ORDER FORM cLIP & MAIL TO: Ecosoft Inc., 6413 N. College Ave., Indianapolis, IN 46220 





ITEM PRICE QTY TOTAL 
Flexi-Graph Graphics $39.95 
Window Library $29.95 
Eco-Lib Librarian $29.95 
Eco-C88 C Compiler CED $59.95 
SHIPPING 
TOTAL (IND. RES. ADD 5% TAX) 
PAYMENT: L) VISA L}) MC L] AE L) CHECK 
CARD # EXPIR DATE 
NAME 
ADDRESS 
CITY STATE 
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New BASIC Subroutines 
Continued 

In this issue, we resume the discus- 
sion about subroutines and look at 
how they are implemented in Sum- 
mit Software’s BetterBASIC and Bor- 
land’s new Turbo BASIC. 


Subroutines in BetterBASIC strongly 
resemble Pascal procedures. As a 
matter of fact, the PROCEDURE: 
<name> syntax is used to declare a 
BetterBASIC subroutine. Once you 
type PROCEDURE: followed by a sub- 
routine name, BetterBASIC creates a 
new workspace for that subroutine. 
This gives subroutines a great degree 
of freedom because they can have 
their own line numbers (1 to 32,767) 
and local variables. Unlike Pascal 
procedure declarations, subroutine 





Example 1: BetterBASIC procedure to 
increment an integer variable 





Example 2: BetterBASIC demonstration program 


using procedure Increase 
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argument lists in BetterBASIC are de- 
clared on separate lines. 

Example 1, below, shows a simple 
subroutine, /ncrease, to increment an 
integer. Notice that PROCEDURE: In- 
crease is typed on one line and its ar- 
guments, variables J and J, are on fol- 
lowing separate lines. BetterBASIC 
requires the use of the keyword ARG 
to distinguish between an argument 
and a local variable. The /VAR is used 
to declare that a variable is passed by 
reference; otherwise, as in the case of 
J, it is passed by value. The /OPT is a 
directive that assigns a default value 
to a variable. 

Example 2, below, shows the sim- 
ple main program that calls the pro- 
cedure Increase twice. In the first 
call, Increase is supplied with one ar- 
gument (corresponding to variable / 
in the declaration part of the proce- 
dure Increase). This causes the de- 
fault value of 1 to be assigned to vari- 
able J. In the second call to Increase, 
two arguments are used, causing the 
value of 2 to be passed to argument J. 

The BetterBASIC feature of assign- 
ing default values to variables ‘‘omit- 
ted” while calling a subroutine has a 
parallel feature in the Ada language. 
To avoid chaos in subroutine calls 





when using this feature, you must 
observe the following rule: you can- 
not ‘‘skip’’ arguments. In other 
words, once you rely on the default 
value of an argument, all the argu- 
ments that follow must have default 
values, which must be invoked. You 
cannot pick and choose. To use the 
default-value feature in a BetterBASIC 
subroutine, divide your argument list 
into two logical sets of parameters. 
The first set should always require 
values to be exchanged with the sub- 
routine; hence, the parameters must 
be present during a subroutine call. 
The second set consists of parameters 
that should have logically related de- 
fault values (we say logically to stress 
that these default values are all attri- 
butes to a single default state). As a 
result, these parameters are either 
present (to provide data for a nonde- 
fault state) or absent (to refer to the 
default-state value). Another ap- 
proach to using the second parame- 
ter set can be related to the fact that 
its default values cannot be attributes 
to a finite default state. In this case, 
arrange the declaration of the sub- 
routine parameters in a sorted order 
based on the overall probability of 
not using a default value. This places 





Example 3: Turbo BASIC subroutine to obtain the av- 


erage and standard deviation of data stored in an array 
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parameters that more seldomly re- 
sort to default values in the beginning 
of the list and vice versa. 

Looking at Example 2, you may ob- 
serve more differences in syntax be- 
tween BetterBASIC and the other BA- 
SIC implementations we discussed in 
the previous column—for example, 
the CALL keyword and parentheses 
are not used in BetterBASIC. 

Because BetterBASIC supports Pas- 
cal-like record structures, you can 
use them to pass many variables and 
still keep a short, formal argument 
list. This feature enables BetterBASIC 
to refrain from supporting SHARED 
variables (as in QuickBASIC) to keep 
the argument list small. Passing re- 
cord-type arguments in BetterBASIC 
subroutines is even safer because you 
maintain tighter control over shared 
data and greatly minimize any unde- 
sirable side effects. 

BetterBASIC does not offer built-in 
functions to return the lower and up- 
per bounds of arrays, which makes 
writing general-purpose, array-ma- 
nipulating routines a bit more in- 
volved. Because the lower bound of 
any array can be Oor 1, youcan write 
such routines to start at index 1. Your 
routines must rely heavily on inte- 
ger-type parameters that supply the 
upper array bounds, however. Such 
reliance makes the routines extreme- 
ly vulnerable to corrupted upper 
bounds values; there is no easy way 
to compare these parameters with 
the actual array bounds they repre- 
sent. The positive side of using such 
parameters is that, when arrays are 
not fully populated with valid data, 
you still need to supply data 
counters. Thus, the upper array 
bound parameters frequently end up 
being used as data counters. 

Turbo BASIC implements subrou- 
tines in a manner that resembles 
QuickBASIC: GOSUB using labels to di- 
rect the jumps to subroutines and 
named subroutines. A callable sub- 
routine (or procedure as it is called in 
Turbo BASIC) can have an argument 
list to pass arguments that are scalar 
and/or array variables. With Turbo 
BASIC you must specify the number 
of dimensions of an array using an 
integer constant enclosed in paren- 
theses following the array name. 
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Like QuickBASIC and True BASIC, vari- 
ables are passed by reference and ex- 
pressions are passed by value. Turbo 
BASIC supports STATIC and RECURSIVE 
subroutines as well as LOCAL, STATIC, 
and SHARED attributes for variables in 
a subroutine. The LOCAL attribute de- 
visibility limited to the subroutine. 
Local arrays must be dimensioned as 
dynamic arrays (Turbo BASIC sup- 
ports static and dynamic array di- 
mensioning). Static variables retain 
their values between subroutine 
calls, whereas shared variables be- 
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LATTICE ANNOUNCES 
MICROSOFT WINDOWS 
SUPPORT IN VERSION 3.2 

Version 3.2 of the Lattice MS-DOS 
C Compiler features full support for 
Microsoft Windows— including the 
‘far,’ “‘near;’ and ‘“‘pascal”’ keywords. 

In addition, version 3.2 includes 
the ability to generate more than 64K 
bytes of static data and to declare 
objects larger than 64K bytes. It also 
includes improved support for ROM- 
based applications via the “‘const”’ 
data type. Version 3.2 is a significant 
release because it eliminates Micro- 
soft’s claamed monopoly on future 
MS-DOS C development tools. Now 
that the Lattice MS-DOS C Compiler 
supports a window interface, pro- 
grammers using Lattice C can avoid 
the problems caused by switching 
to a different compiler. $500.00 





LATTICE NOW OFFERS 
ENHANCED AmigaDOS 
C COMPILER 

Version 3.1 of the Lattice 
AmigaDOS C Compiler offers a new 
library with 100 more functions 
than the standard AmigaDOS C 
Compiler. What’s more, increased 
library modularity and new address- 
ing modes help reduce load module 
sizes by more than 20%. The new 
version also features faster pointer 
and integer math, faster IEEE floating 
point routines, direct support of the 
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come global to the rest of the pro- 
gram. Turbo BASIC also implements 
EXIT SUB to enable program flow to 
return to the caller and supplies 
built-in functions to return the lower 
and upper bounds of an array. 
Example 3, page 144, shows a Tur- 
bo BASIC subroutine that returns the 
basic statistics and data stored in an 
array. It is similar to the QuickBASIC 
and True BASIC versions presented in 


the last column. 
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Amiga’s FFP format floating point 
library, and multi-tasking support. 
With Version 3.1, Lattice has 
broken free of the reliance on the 
Amiga standard linker and object 
file format. This new release includes 
completely new expanded documen- 
tation, and a Lattice assembler and 
linker which remain compatible 
with previous software but allows 
professional programmers to take 
advantage of both the Amiga’s speed 
and the industry’s standardization. 
Lattice AmigaDOS C Compiler with 
Lattice’s Text Management Utilities, 
$225. Professional AmigaDOS C 
Compiler with, Text Management 
Utilities, Lattice Make Utility, Lattice 
Screen Editor, and the Metadigm 
MetaScope Debugger, $375. 
AmigaDOS C Compiler $150. 


LATTICE RELEASES NEW 
VERSIONS OF C CROSS 
COMPILER AND LINKER 

Version 3.1 of the Lattice C Cross 
Compiler to MS-DOS and version 
2.12 of the Plink86Plus Overlay 
Linker are now available for Sun and 
Apollo workstations as well as the 
DEC VAX Family of processors run- 
ning VMS, UNIX or Berkeley UNIX. 

All Lattice C Cross Compilers 
possess the same functionality and 
generate the same code as the native 
Lattice MS-DOS C Compiler. This 
allows users to take advantage of the 
larger systems’ speed and multi-user 
capabilities when creating applica- 
tions for most popular PCs. 

Contact Lattice Corporate Sales 
for details. 


In Illinois (312) 858-7950 TELEX 532253 FAX (312) 858-8473 


INTERNATIONAL SALES OFFICES: Benelux: Ines Datacom (32)2-720-51-61 


Japan: Lifeboat, Inc. (03)293-4711 


England: Roundhill (0672)54675 


France: Echosoft (1)4824.54.04 Germany: Pfotenhaur (49)7841/5058 
Hong Kong: Prima 85258442525  A.1. Soft Korea, Inc. (02)7836372 


Australia: FMS (03) 699-9899 


Italy: Lifeboat Associates Italia (02) 46.46.01 
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Numerical Recipes: The Art of Scien- 
tific Computing. Press, William H.; 
Flannery, Brian P.; Teukolsky, Saul 
A.; and Vetterling, William T. Cam- 
bridge, England: Cambridge Univer- 
sity Press, 1986. $40. 


In the beginning, there was Ham- 
ming (1962). And Hamming begat Ac- 
ton (1970), who, begat Dahlquist and 
Bjorck (1974), who begat Ralston and 
Rabinowitz (1978), who begat Stoer 
and Burlisch (1980). Now we have Nu- 
merical Recipes, the latest addition to 
a fine line. For those who have 
worked with numerical analysis, it is 
a welcome addition to your arsenal; 
for those of you who are new to the 
subject or who have not yet begun to 
build your library, it is the one book 
to buy if you are going to have to 
solve anything numerically on a 
computer. 

Content first-—-the book is compre- 
hensive. It has the usual chapters on 
the solution of linear algebraic equa- 
tions, interpolation and extrapola- 
tion, integration of functions, evalua- 
tion of functions, root finding and 
nonlinear sets of equations, minimi- 
zation or maximization of functions, 
eigensystems, integration of ordi- 
nary differential equations, two- 
point boundary value problems, and 
an introduction to partial differential 
equations. In addition, it contains a 
collection of chapters on topics not 
usually found in other books: special 
functions, random numbers, sorting, 
Fourier transform spectral methods, 
Statistical description of data, and 
modeling of data. These chapters, to- 
gether with the others, group in one 
place almost all the techniques that 
today’s scientists and engineers com- 
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monly use to get the job done. 

Issues of style come next. The 
knowledge of mathematics required 
to cope with the text is university lev- 
el—that is, you should have some fa- 
miliarity with linear algebra and cal- 
culus. The authors stay away from 
what I would consider an overly the- 
oretical approach in both the text 
and the mathematical notation, al- 
though you do have to understand 
the normal amount of symbolic ma- 
nipulation that comes when dealing 
with matrices, sums, and integrals. 

In each subject area, the authors 
present several methods after dis- 
cussing the problem in the introduc- 
tory section of the chapter. Each sec- 
tion covers a method, with text and 
some equations as appropriate. Usu- 
ally there is a FORTRAN subroutine at 
the end of the section, which not 
only illustrates the method but 
which can also be used to get real 
work done. (The authors have also 
translated all the subroutines—there 
are more than 200 of them— into Pas- 
cal and have included these in an ap- 
pendix.) As they discuss each alter- 
nate method, the authors give you 
their candid opinion of the strengths 
and weaknesses of the approach, 
usually placing it in some historical 
context. There are references at the 
end of each section and a great bibli- 
ography at the end of the book. The 
references and bibliography alone 
are an invaluable source for getting 
more information when you need to 
go further. 

The book’s layout is clean. The 
type is easy to read, the choice of no- 
tation is excellent, and the programs 
are easy to follow because they are 
well commented. It is a little unfortu- 
nate that FORTRAN was chosen as the 
in-text language; this reflects FOR- 
TRAN’s omnipresence in scientific 
computing but carries with it the ter- 
rible burden of short, elided names 
for variables. The Pascal versions suf- 
fer from being machine-translated 
from the FORTRAN. The authors 
promise to swap the FORTRAN and 
Pascal roles in the next edition and 
would like to hear from those folks 
who would like to see a C version. 
My vote would be for a clean imple- 
mentation in Ada. 


The authors have style. They chose 
the name of the book to be reminis- 
cent of a cookbook, but in their 
words, there is a difference between 
a cookbook and a restaurant menu: 
“The latter presents choices among 
complete dishes in each of which the 
individual flavors are blended and 
disguised. The former—and this 
book—reveals the individual ingredi- 
ents and explains how they are pre- 
pared and combined.” The strength 
of the book is that with each recipe 
(read: computer subroutine), there is 
enough explanatory underpinning 
so that, with a reasonable amount of 
care and intelligence on the part of 
the reader, the proverbial bullet in 
the foot can be avoided. The authors’ 
writing style makes the material 
easy to follow and not dull reading at 
all; it’s great to see hard-earned expe- 
rience come through as charm and 
wit. 

Although this book owes a debt to 
all its predecessors—most notably 
for its acknowledged stylistic similar- 
ity to Acton’s—it is different in that it 
takes positions and makes judg- 
ments. It is a guidebook, where oth- 
ers are compendia. It consciously 
does not spend a lot of time on meth- 
ods that the authors feel have been 
popular in the past but have now, 
perhaps recently, been superseded 
by others. 

Supplementary materials, which I 
have not seen, are available—ma- 
chine readable source for the sub- 
routines in either language, example 
books that show how to use the sub- 
routines, and machine readable ver- 
sions of the example books. To get 
one complete set (one language) of 
everything costs less than $60, which 
when coupled with the price of the 
book, is less than $100. When you 
consider the amount of time it would 
take you to get a routine working 
when you need one, you would have 
to have an extremely low hourly 
rate not to be able to easily justify the 
cost of these materials. 

—Joe Marasco 
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FLOPPY DISK. 
_ - Fills time between coffee breaks 
- Makes a hard disk seem fast 


_- Your computer appears busy 
(even if you aren’t!) 


__ - Wears out moving parts 


...for YOUR demanding tasks. 
SURPRISE! Neither is memory mapped, so they don’t 


affect your precious Main Memory. Both retain data indefi- 
nitely - even with the computer turned off. 


THE SEMIDISK SOLUTION. You could invest in a 
series of “upgrades” that turn out to be expensive band-aids 
without solving your real problem. Even those “Ac- 
celerator” and “Turbo” boards do little to speed up disk- 
bound computers. If your applications spend too much time 
reading and writing to disk (and whose don’t?), you won’t 
want to settle for anything less than a SemiDisk disk 
emulator. The SemiDisk comes in 512K and 2Mb capacity. 
More boards may be added to make up to an 8 Megabyte 
SemiDrive! 


SPEED THAT’S COMPATIBLE. PC, XT or AT, if you 
need speed, the SemiDisk has it. How fast? Recent ben- 
chmarks show the SemiDisk is from 2 to 5 times faster than 
hard disks, and from 25% faster (writing) to several times 
faster (random reads) than VDISK and other RAMdisk 
software that gobble up your main memory. 

MEMORY THAT’S STORAGE. Using our small exter- 
nal power supply, with battery backup, your data remains 
intact through your longest vacation or even a seven-hour 
power failure! 





the better fit... 





SEMIDISK Disk Emulator. 
- Gets that job done NOW 
- Makes a hard disk seem slow 
- Maximizes your productivity 
with anything from databases 
to compilers 
- Totally silent operation 


CELEBRATE WITH US! Now, SemiDisk celebrates its 
fifth birthday with a special offer for IBM-PC owners. Buy 
a SemiDisk now and we’ll include an 8 MHz V-20 micro- 
processor (replaces the 8088) to make your new SemiDisk 
run even faster. Don’t need the V-20? We’ll take $20 off 
the price of your Battery Backup Unit! 


512K 2Mbyte 
IBM, PC, XT, AT $495 $ 795 
Epson QX-10 $495 $ 995 
S-100 SemiDisk II $795 $1295 
S-100 SemiDisk I $299 wee nennnnnee 
TRS-80 II, 12, 16 $495 $ 995 
Battery Backup $130 $ 130 


Someday you’ll get a SemiDisk. 
Until then, you’ll just have to... wait. 


SemiDisk 


SemiDisk Systems, Inc., 11080 S.W. Allen Blvd., Beaverton, Oregon 97005 (503) 626-3104 
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For the Amiga 

Metacomco, the author of Amiga- 
DOS, has released an improved ver- 
sion of the Amiga command-line in- 
terpreter called Shell. Shell is a 
programming environment featur- 
ing command-line history and edit- 
ing, aliases, path and push/pop di- 
rectories, and variables. Shell is 
compatible with all standard com- 
mand-line interpreters and sells for 
$69.95. Reader Service No. 16. 
Metecomco 

5353 Scotts Valley Dr., #E 

Scotts Valley, CA 95066 

(408) 438-7201 


The latest version of the Lattice Ami- 
gaDOs C compiler has a new library 
with more than 100 functions and in- 
creased library modularity. Version 
3.10 also features new addressing 
modes, fast pointer and integer math, 
fast IEEE floating-point routines, and 
multitasking support. The base-level 
compiler sells for $225; the profes- 
sional package (which includes text 
management and make utilities, 
screen editor, and debugger) costs 
$375. Reader Service No. 17. 

Lattice Inc. 

P.O. Box 3072 

Glen Ellyn, IL 60138 

(312) 858-7950 


Central Coast Software has en- 
hanced DOS-2-DOS, a disk-to-disk file 
transfer program for the Amiga that 
transfers all MS-DOS file types to and 
from AmigaDOS. DOS-2-DOS now sup- 
ports 34-inch 720K disks, formats 
both 3%2- and 514-inch MS-DOS disks, 
converts ASCII file line-ending char- 
acters, and provides WordStar com- 
patibility. The program costs $55. 


Reader Service No. 18. 
Central Coast Software 
268 Bowie Dr. 

Los Osos, CA 93402 
(805) 528-4906 


For the Macintosh 

The Complete Book of Macintosh As- 
sembly Language Programming, Vol- 
ume II, by Dan Weston features a col- 
lection of assembly-language projects 
that explore advanced topics in Mac 
programming. Published by Scott, 
Foresman & Co., the book covers 
the new ROM of the Mac Plus, how 
the clipboard is used and how it is 
converted by Switcher, and how to 
use the hierarchical file system and 
includes source code listings. It costs 
$22.95. Reader Service No. 19. 

Scott, Foresman & Co. 

1900 E. Lake Ave. 

Glenview, IL 60025 

(312) 729-3000 


The APL*PLUS System for the Macin- 
tosh from STSC is a full-featured APL 
language interpreter. The system is 
compatible with STSC’s APL*PLUS Sys- 
tem for the IBM PC and allows exist- 
ing applications to be converted and 
run on the Mac. The package takes 
advantage of standard Mac features, 
and common desk accessories can be 
used from the APL environment. The 
APL*PLUS System for the Macintosh 
runs on a Macintosh with at least 
512K RAM and one disk drive and 
sells for $395. Reader Service No. 20. 
STSC Inc. 

2115 E. Jefferson St. 

Rockville, MD 20852 

(800) 592-0050 


Miscellaneous 

Real-Time Computer Science 
Corp. (RTCS) is now shipping RTX286, 
a real-time, multitasking, multiuser 
operating system for the IBM PC/AT. 
RTX286 is a complete implementation 
of Intel’s iRMX286 operating system 
specifically configured for the AT 
and its peripheral devices. It takes ad- 
vantage of the protected mode of the 
iAPX286 processor, offering memory- 
access protection as well as allowing 
users to access up to 16 megabytes of 
memory directly. RTX286 is priced at 
$2,395, and RTX286-C (a configurable 





version) costs $2,795. Reader Service 

No. 21. 

Real-Time Computer Science Corp. 
(RTCS) 

1390 Flynn Rd. 

Camarillo, CA 93010 

(805) 987-9781 


Syncra PC, from Eastman Communi- 
cations, is a software package that al- 
lows error-free transfer of documents 
and files among IBM PCs and compati- 
bles. The program must be operating 
on both the transmitting and receiv- 
ing computers in order to transfer 
data. It can also communicate directly 
with corresponding Syncra software 
packages on DEC VAX and IBM OS/DOS 
mainframes and System/36 minis. 
Syncra PC uses an asynchronous pro- 
tocol and can be transmitted between 
1,200 and 9,600 bps. An automated fea- 
ture allows completely unattended 
operation. A data-compression/com- 
paction feature allows document and 
file sizes to be reduced by 50 percent 
or more. Retail price is $79. Reader 
Service No. 22. 

Eastman Communications 

1099 Jay St. 

Rochester, NY 14650 

(716) 464-5500 


Boca Research's BOCARAM is avail- 
able for IBM PCs, PC/XTs (including the 
XT 286), PC/ATs, and compatibles. BO- 
CARAM fits into the XT 286 box, con- 
necting to the 8-bit connector to ex- 
pand its memory from 640K to 2 
megabytes per board. The board con- 
forms to EMS 3.2, which permits the 
use of application software packages 
that access memory up to 8 mega- 
bytes. BOCARAM software includes a 
RAM disk, print spooler, and memory 
diagnostic program in addition to the 
Boca Research Expanded Memory 
Manager driver. Prices range from 
$245 to $740, depending on the 
amount of memory. Reader Service 
No. 23. 

Boca Research 

6104 Congress Ave. 

Boca Raton, FL 33431 

(305) 997-6227 


Discovery Systems has released an 


audio-cassette training program for 
Autodesk’s AutoLISP, a training 
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course for AutoCAD users. The eight 
lessons provide a step-by-step pro- 
gram with complete instructions to 
create custom AutoLISP functions, 
custom menus, and other timesaving 
utilities. The price is $179. Reader Ser- 
vice No. 24. 

Discovery Systems 

34 Autumnleaf 

Irvine, CA 92714 

(714) 733-9890 


American Computer & Peripheral 
has introduced an accelerator card 
that utilizes the 80386 microproces- 
sor. The 386 TURBO board can bring a 
6-MHz IBM PC/AT or compatible up to 
12 MHz and an 8-MHz computer up 
to 16 MHz. Clock rates are switchable 
through software without rebooting. 
Software written for the AT (includ- 
ing DOS, ROM BIOS, EGA ROM, and so 
on) executes from a 1-megabyte 
cache memory. The board sells for 
$1,995. Reader Service No. 25. 
American Computer & Peripheral 
Inc. 
2720 Croddy Wy. 
Santa Ana, CA 92704 
(714) 545-2004 


TEFT (Terminal Emulator and File 
Transfer) from S. M. Vorkoetter 
Software allows an IBM PC, PC/XT, 
PC/AT, PCjr, or compatible to be used 
as an intelligent terminal for commu- 
nicating with a host computer or a 
BBS. Features of TEFT include VT100 
terminal emulation, text file transfer, 
conversion of binary files to text files 
and vice versa, a batch mode, and 
baud rates from 50 to 9,600 baud (50 to 
4,800 on a PCjr). The product requires 
128K RAM, one disk drive, and an IBM- 
compatible serial adapter card. TEFT 
is not copy-protected and is priced at 
$60. Reader Service No. 26. 

S. M. Vorkoetter Software 

P.O. Box 872 

Waterloo, Ont. 

Canada N2J 4C3 


SK DOS, from Star-K Software Sys- 
tems, is a single-user operating sys- 
tem for 68xxx-based machines. This 
generic DOS is easily implemented on 
a new system and allows programs 
written for one system to run on 
many others. It includes more than 
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40 commands and system programs, 
including a 6809 emulator. SK DOS 
sells for $125. Reader Service No. 27. 
Star-K Software Systems 

P.O. Box 209 

Mt. Kisco, NY 10549 

(914) 241-0287 


Electronic Specialists has released 
an RS-232 bus-protection device 
called Kleen Line. The Kleen Line se- 
curity system is designed to suppress 
damaging line spikes caused by light- 
ning or large electrical machinery. 
Units can be configured with any, or 
all, of the RS-232 bus lines protected. 
Model PDS-232 M/F, which guards 
lines 1, 2, 3, and 7, sells for $143. Read- 
er Service No. 28. 

Electronics Specialists Inc. 

171 S. Main St. 

Natick, MA 01760 

(617) 655-1532. 


Polytron Corp. has introduced Poly- 
Shell, a DOS extender and command 
interpreter that adds a Unix interface 
and much of the capability and flexi- 
bility of Unix to MS-DOS. The shell con- 
sists of two major components: the 
Command Interpreter, which can be 
used instead of or in conjunction with 
the MS-DOS command interpreter; and 
the PolyShell Utility Set, which in- 
cludes several utilities previously as- 
sociated only with the Unix operating 
system. PolyShell is invoked as a pro- 
gram under DOS, and any MS-DOS com- 
mands can be called from within the 
shell. PolyShell runs on the IBM PC, 
PC/XT, PC/AT, and compatibles with 
DOS 2.0 or later and requires at least 
256K RAM. A hard disk is recommend- 
ed. A single-user license costs $149. 
Reader Service No. 29. 

Polytron Corp. 

1815 N.W. 169th PI. 

Ste. 2110 

Beaverton, OR 97006 

(503) 645-1150 


Graphics 

Dynaware has released Dynaper- 
spective, a 3-D solid modeling graph- 
ics software package for PC-DOS ma- 
chines. Dynaperspective currently 
has drivers for the following graph- 
ics boards: EGA, Number Nine Revo- 
lution, Artisti, and Artist2. In addi- 


tion to the graphics’ boards, 
Dynaperspective also supports most 
major plotters, printers, mice, and 
digitizing tablets. The package sells 
for $1,850. Reader Service No. 30. 
Dynaware 

1309 114th SE, Ste. 303 

Bellevue, WA 98004 

(206) 451-0200 


Windows Draw from Micrografx is 
a free-form graphics program that 
runs under Microsoft Windows. 
Windows Draw images are object- 
based rather than pixel-based and 
thus achieve device independence, 
which allows the images to be print- 
ed with the maximum resolution of 
the printer rather than that of the 
computer. Windows Draw includes 
Windows ClipArt (a collection of 
Windows-compatible artistic images) 
and sells for $299. Reader Service No. 
31. 

Micrografx Inc. 

1820 N. Greenville Ave. 

Richardson, TX 75081 

(214) 234-1789 


Another graphics package designed 
for use with Microsoft Windows is 
Cricket Graph, from Cricket Soft- 
ware. Designed to run on the Macin- 
tosh, the package has page-layout ca- 
pabilities and supports a variety of 
printers, plotters, and film recorders. 
It also offers a variety of editing and 
data manipulation capabilities: data 
can be sorted; grouped by ranges of 
values; smoothed; and transformed 
by logarithmic, trigonometric, expo- 
nential, and statistical functions. 
Cricket Graph sells for $295. Reader 
Service No. 32, 

Cricket Software 

3508 Market St., Ste. 206 
Philadelphia, PA 19104 

(800) 345-8112 

(215) 387-7955 


Surf3-D/Surf87 from dogStar Soft- 
ware is a 3-D surface plotting pro- 
gram written in Turbo Pascal and us- 
ing TurboHALO graphics routines. 
The program can work with most 
MS-DOS display screens and printers. 
The program calculates and plots the 
surface of selected x,y functions or a 
function you supply and permits you 
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OF INTEREST 


(continued from page 149) 


to rotate the surface about any axis. 
You can select scaling factors, surface 
hatching, and other options. The 3-D 
plotting routines include optional 
8087 math coprocessor support that 
is optimized for rotation. Source code 
is included. Surf3-D/Surf87 is a 
shareware product; a donation of $10 
is suggested. Reader Service No. 33. 
dogStar Software 

P.O. Box 302 

Bloomington, IN 47402 

(812) 333-5616 


The Hot Shot graphics printer inter- 
face for Commodore computers 
from Omnitronix supports graphics 
printing on most popular dot-matrix 
printers. It has a standard internal 1K 
x 4 graphics buffer that can be ex- 
panded to 8K to help speed up print- 
ing. Screen dumps can be set for re- 
verse or inverse printing, and on 
many printers you can select en- 
hanced, double-density printing of 
graphics screens and graphics char- 
acters. Hot Shot sells for $59.95. Read- 
er Service No. 34. 

Omnitronix Inc. 

760 Harrison St. 

Seattle, WA 98109 

(206) 624-4985 


For the Mac 

The MacBus/RTI-800 series software, 
from National Instruments, allows 
control of the Analog Devices RTI-800 
series analog and digital I/O boards 
with the Macintosh Plus using Mac- 
Bus. The software enables users to 
program the boards with Microsoft 
BASIC, Megamax C, and LabVIEW 
(LabVIEW and C application exam- 
ples are included and fully ex- 
plained). MacBus/RTI-800 series soft- 
ware sells for $195. Reader Service 
No. 35. 

National Instruments 

12109 Technology Blvd. 

Austin, TX 78727-6204 

(800) 531-4742 

In TX (800) IEEE-488 

(512) 250-9119 


MacroMind has realeased Maze 
Wars+, a real-time multiplayer 
game for the AppleTalk network 
that is a direct descendent of the clas- 
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sic Maze Wars game from MIT and 
Xerox PARC in the early 70s. A termi- 
nal program is built into the game to 
allow connection with another play- 
er via 1,200—2,400-baud modem or by 
direct null modem. Messages can also 
be passed back and forth. Maze 
Wars-+ is not copy-protected and 
costs $49.95; site licenses are available 
for $15 per node. Reader Service No. 
36. 

MacroMind Inc. 

1028 W. Wolfram St. 

Chicago, IL 60657 

(312) 871-0987 


OWL International has released a 
hypertext system for the Mac called 
Guide. Guide incorporates many fea- 
tures of standard word processors 
and outline processors as well as ad- 
ditional facilities for information 
management, such as annotation and 
cross-referencing. Guide requires a 
512K Mac, Mac Plus, or Mac XL and 
can work with any graphics pro- 
gram that supports the clipboard. It 
can be used with MacWrite, Micro- 
soft Word, Aldus Pagemaker, or any 
program that can read MacWrite 
files. Guide sells for $134.95. Reader 
Service No. 37. 

OWL International Inc. 

14218 N.E. 21st St. 

Bellevue, WA 98007 

(206) 747-3203 


Bering Industries has developed a 
line of 514-inch removable cartridge 
systems for the Mac. The new line of 
Bernoulli drives, called Totem, in- 
cludes three models : a single 20-me- 
gabyte removable cartridge for 
$1,495; a dual 20-megabyte remov- 
able cartridge for $2,295; and a com- 
bination 20-megabyte removable car- 
tridge plus a 20-megabyte fixed hard 
disk for $2,295. Bering also sells a 20- 
megabyte 54-inch fixed drive for the 
Mac for $795. Reader Service No. 38. 
Bering Industries 

250 Technology Circle 

Scotts Valley, CA 95066 

(408) 438-8779 


For the PC 
IOTools, from Rhoads Software, 
provides terminal-independent I/O 


mapping with a constant program- 
ming interface. The package gives 
you control over console, asynchro- 
nous, and parallel I/O as well as sev- 
eral useful library modules. It makes 
for easy management of the charac- 
ters from the keyboard and includes 
more than 15 modules that export 
more than 200 procedures. Formats 
are available for MS-DOS/Logitech 
and Pecan, and the price is $79.50, or 
$950 for source code. Reader Service 
No. 39. 

Rhoades Software 

504 Meeting House Ln. 

Kennett Square, PA 19348 

(215) 388-2626 


Command Plus, from ESP Software 
Systems, is a command processor 
for MS-DOS machines that simplifies 
and enhances MS-DOS’ Command fea- 
tures as well as offering many addi- 
tional features such as a batch pro- 
gramming language with a Pascal- 
like syntax called SCRIPT. Other new 
features include command macros, 
command recall, file browsing, a log 
facility, the ability to access environ- 
ment variables from the command 
line, and the ability to select files us- 
ing ESP’s extended file-name pattern- 
matching facility. Command Plus 
sells for $79.95.Reader Service No. 40. 
ESP Software Systems Inc. 

11965 Venice Blvd., Ste. 309 

Los Angeles, CA 90066 

(213) 390-7408 


Sapiens V8, from Sapiens Software 
Corp., is a virtual memory manager 
for C programmers on the PC. Fea- 
tures include 8 megabytes of virtual 
memory workspace, the ability to 
link V8 libraries to C compilers, and 
software emulation of 64-bit archi- 
tectures. Sapiens V8 sells for $300. 
Reader Service No. 41. 

Sapiens Software Corp. 

P.O. Box 7720 

Santa Cruz, CA 95061-7720 

(408) 458-1990 
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#1 C interpreter 


The professional 
C development 
environment 


Your C compiler creates great final code... 
but as a programming tool, its too,too slow. 
With C-terp you can edit, debug, and run 
without the wait. Nothing, but nothing, is faster 
for developing professional C programs. 


Choose the perfect C-terp companion 
for your C compiler 


C-terp/Microsoft 
C-terp/Lattice C-terp/Aztec 
C-terp/Mark Williams C-terp/C86 


Link in all your compiler’s functions, your own 
functions, add-on libraries, assembly routines, 
and data objects. Get instant access to every- 
thing in the C-terp interactive environment. 


C-terp/XENIX 


Only C-terp offers all this and more 


Full K&R with common ANSI 
enhancements 

Source level interactive debugging 
Software paging for your big jobs 
Complete multi-module support 
Run-time pointer checking 
Unsurpassed reconfigurable screen 
editor 

Dual display and full graphics support 
= Large model @ Call-in 


ORDER C-terp TODAY (specify compiler 


C-terp runs on IBM PC, AT or : 
compatibles. e 


Price: 
MS-DOS 2.x and up - $298, 
Xenix System V 286 - $498 
MC, VISA, COD 
30-day money-back 
GUARANTEE 


Trademarks: C-terp (Gimpel Software), 
C86 (Computer Innovations), Lattice (Lattice, Inc.), 
Xenix, Microsoft, MS- DOS (Microsoft, Inc.), Aztec (Manx 
Software), Mark Williams (Mark Williams Company), 

IBM (International Business Machines, Inc.) 


GIMPEL SOFTWARE 


3207 Hogarth Lane, Collegeville, PA 19426 
(215) 584-4261 
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teve Jasik could reasonably call 

his MacNosy V2 Documentation 
V2.50 the most eagerly awaited man- 
ual of the year. It’s not that drooling 
hordes of programmers have been 
demanding this Macintosh disassem- 
bler—it’s still an underappreciated 
marvel—but those of us who grap- 
pled with the original documenta- 
tion were wet-chinned’ with 
anticipation. 

The new manual fairly describes 
Nosy as an information-recovery tool 
for the Mac, a description justified by 
the on-line Inside Mac feature alone. 
I was so eager to use Nosy that I rash- 
ly agreed to help revise the original 
manual, bailing out only when I real- 
ized that I would have to understand 
Nosy intimately to improve the docu- 


mentation and that there was no. 


way I was going to get Nosy literate 
from Steve's manual. 

Others were more successful, and 
the resulting documentation is not 
only comprehensible but also strewn 
with uncloneable Jasikisms from the 
Head Nose. 

Nosy would be a handy tool for, 
say, an independent programmer 
developing desk accessories that 
worked intimately with Microsoft 
Excel. Tools for programmers work- 
ing in teams have been slower in 
coming than such individual tools, 
but computer-aided software engi- 
neering (CASE) has taken a step for- 
ward with the arrival of commer- 
cially priced 32-bit machines at a 
time when successes in CAD/CAM are 
ripe for translation to general soft- 
ware development. 

Rich Carpenter of Index Technolo- 
gies, a Cambridge, Massachusetts, 
CASE company, argued at the Person- 
al Computer Forum in Phoenix this 
spring that current software-devel- 
opment approaches have been bor- 
rowed from engineering situations 
in which, for example, it was prohib- 
itively expensive to move elevators 
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after putting up inside walls. Soft- 
ware development needs its own 
models for, and tools in support of, 
design, specification, prototyping, 
version management, testing, debug- 
ging, and documentation. 

Software development also needs 
better tools. One of the advantages of 
C is that you can get fairly efficient 
code out of primitive compilers, 
which could be a fair assessment of 
1986-vintage microcomputer compil- 
er technology. Not-so-primitive opti- 
mizing compilers are now arriving: I 
know of five optimizing C compilers 
released or in the works, and Micro- 
soft’s FORTRAN compiler is one of the 
most sophisticated optimizing com- 
pilers on personal computers. It will, 
for example, turn 


y =sin(x)**2 
into the faster 


temp =sin(x) 
y=(temp*temp) 


Scientific and engineering users of 
personal computers can expect more 
than just a fast FORTRAN from soft- 
ware companies, though. Both Lotus 
and Borland now have engineering 
and scientific divisions dedicated to 
developing products for this group, 
which Lotus says accounts for 17 per- 
cent of its existing user base. Lotus is 
even considering starting a magazine 
for scientists and engineers. 


Legal issues: ADAPSO’s efforts to get 
software vendors to voluntarily pro- 


vide substantive warranties rather 
than “as is’ disclaimers on products 
has led a member of the California 
Assembly, Gloria Molina, to recom- 
mend against legislation to force 
warranties. The Copyright Office has 
judged Lotus’ 1-2-3 user interface un- 
copyrightable from a look-and-feel 
standpoint because it is basically text. 
And several senators are reintroduc- 
ing a bill to create an Information 
Age Commission, whose purpose 
would be to study the impacts of 
high technology. 


Memorable moments at the Per- 
sonal Computer Forum: hearing that 
the personal computer industry 
looks willing to give Bill Gates a bil- 
lion-dollar company in exchange for 
a little stability; Mitch Kapor deftly 
fending off an embarrassing ques- 
tion about the Lotus look-and-feel 
suit by attacking David Bunnell’s edi- 
torial on the Georgia sodomy law; 
and the following story: 

‘The editor kept calling our product 


_ a database and I said, ‘It’s really a pro- 


gramming language.’ But he said, 
‘We don't cover languages, Bruce.’ So 
I said, ‘Well, really it’s more of a data- 
base.’ Then everything was fine.” 

This story was related by a soft- 
ware company president during a 
dinner at which several software 
company CEOs told M&T executives 
horror stories about the technical in- 
competence of the computer press, 
including the story of the product 
that got rave reviews for a ‘‘feature’’ 
that was really a bug the company 
had been trying to eliminate for 
months. The hard work that goes 
into developing a good program de- 
serves competent reporting. 


Michael Swaine 
editor-in-chief 
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ome Of The Most Famous Faces 
In Software Use Our C Functions 


Our famous customers are a little camera shy. It’s not that 




















they are embarrassed by being Essential C Utility Library Functions At A Glance 
users. They just don’t want us shouting their names from e Fastest screen output available. Disk error trapping 
the roof tops. © Save/Restore color screens in e Determine space available 
1/10 sec. e 40 functions to process 

Th ; f . h . @ Pop-up block cursor menus characters and words 

€ prestige of our users is not the primary reason to buy e Save/Restore windows to disk —@ Insert, delete, extract, index, 
the Essential C Utility Library. The increased speed, or memory translate 
features, and size efficiency of our products are the factors ¢ 50 functions for business ° Tested, easy-to-follow examples 
that demand their use. Our library contains over 400 graphics * Deiho programs with soures 

ti 1 e dozens of string formats code 
fi a on . © time and date arithmetic e All source code included 
designed with a julian and day-of-week Documentation: 
elegance in mind.  Ctrl-Break key trapping Thorough, comprehensive, 260 
e Field oriented data entry pages 

However, should e Stuff keyboard buffer . Compatible C Compilers: 

ae ¢ 18 Mouse control functions Microsoft, Lattice, Computer 
curiosity get the e Execute programs and batch Innovations, Aztec, Mark 
best of you, call us files Williams, DeSmet, and Wizard 
at 201-762-6965 : 
and we'll drop $250.00 


a few highly Do Your Homework 
BA PISestve Names The library you buy can influence the rest of your 
on you. 


programming life. We encourage you to do some checking 
before making a decision. When you’ve done your home- 
Behind every great program is a great work, you'll choose Essential. Call our support staff of 
library. experienced C programmers and find out before you buy 
how things will be after your check clears. 





What’s a Library Without a Librarian? 


Our library comes complete with a sophisticated source 
code librarian. Now you can maintain current versions and 
conserve disk space. We want your development work to 
go as smoothly as possible. 


To order or for support 
call: 201-762-6965 


For foreign orders contact: 
England: Gray Matter Tel. (0364) 53499 
Japan: Lifeboat Inc. of Japan Tel: 293 4711 
West Germany: Omnitex Tel. 07623-61820 


No Royalties, 30 Day Guarantee 


If within 30 days you don’t find our library totally 

satisfactory, bag the whole thing and receive a complete e 
refund. There are no royalties associated with the Essential Softwar e, Inc. 
library. PO. Box 1003, Maplewood, New Jersey 07040 


Circle no. 138 on reader service card. 





3 Turbo C 


urbo C: The 

fastest, most _ 
efficient and easy- 
to-use C compiler at 
any price 


Compilation speed is more than 
7000 lines a minute, which makes 
anything less than Turbo C an 
exercise in slow motion. Expect 
what only Borland delivers: Quality, 
Speed, Power and Price. 


Turbo C: a complete 
interactive development 
environment 


Like Turbo 
Pascal® and 





Turbo C comes 
with an interactive editor that will 
show you syntax errors right in your 
source code. Developing, debug- 
ging, and running a Turbo C 
program Is a snap. 


Turbo C: The C compiler 
everybody’s been 
waiting for. Everybody 
but the competition 


Borland's “Quality, Speed, Power 
and Price” commitment isn’t idle 
corporate chatter. The $99.95 price 
tag on Turbo C isn’t a “typo,” it’s 
real. So if you'd like to learn C ina 
hurry, pick up the phone. If you're 
already using C, switch to Turbo C 
and see the difference for yourself. 


Turbo C: The C compiler 
for amateurs and 
professionals 

If you’re just beginning and 
you've “kinda wanted to learn C,” 
now’s your chance to do it the easy 
way. Like Turbo Pascal, Turbo C’s 
got everything to get you going. 

If you're already programming 
in C, switching to Turbo C will 
considerably increase your produc- 
tivity and help make your programs 
both smaller and faster. Actually, 
writing in Turbo C is a highly 
productive and effective method— 
and we speak from experience. 
Eureka: The Solver™ and our new 
generation of software have been 
developed using Turbo C. 


System requirements 


IBM PC, XT, AT or true compatibles. PC-DOS (MS-DOS) 
2.0 or later. One floppy drive. 320K. 


*Introductory price—good through July 1, 1987 


Sieve benchmark (25 iterations) 


etre it [oe 
‘eee fam [ver | 
‘comin wae [ame [moe [am 
or 
cme oss | en 


Benchmark run on a 6 Mhz IBM AT using Turbo C version 1.0 and the 
Turbo Linker version 1.0; Microsoft C version 4.0 and the MS overlay linker 
version 3.51; Lattice C version 3.1 and the MS object linker version 3.05. 











only $99.95! 








BORLAND 


INTERNATIONAL 


Vive lu ygrrence 
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4585 SCOTTS VALLEY DRIVE 
SCOTTS VALLEY, CA 95066 
(408) 438-8400 TELEX: 172373 


For the dealer nearest you or to order by phone call 


(800)255-8008 


in CA (800) 742-1133 in Canada (800) 237-1136 
CIRCLE 161 ON READER SERVICE CARD 




































Technical Specifications 
({ Compiler: One-pass compiler 
generating linkable object modules 
and inline assembler. Included is 
Borlana’s high performance “Turbo 
Linker.” The object module is com- 
patible with the PC-DOS linker. Sup- 
ports tiny, small, compact, medium, 
large, and huge memory model 
libraries. Can mix models with near 
and far pointers. Includes floating 
point emulator (utilizes 8087/80287 
if installed). 


/™ Interactive Editor: The system 
includes a powertul, interactive full- 
screen text editor. If the compiler 
detects an error, the editor auto- 
matically positions the cursor 
appropriately in the source code. 


/™ Development Environment: A 
powerful “Make” is included so 
that managing Turbo C program 
development is highly efficient. 
Also includes pull-down menus 
and windows. 


[Links with relocatable object 
modules created using Borland’s 
Turbo Prolog into a single program. 


[™ ANSI C compatible. 


(4 Start-up routine source code 
included. 


[4 Both command ine and integrated 
environment versions included. 





Turbo C and Turbo Pascal are registered trademarks and Turbo Prolog 
and Eureka: The Solver are trademarks of Borland International, Inc. 
Microsoft C and MS-DOS are registered trademarks of Microsoft Corp. 
IBM, XT, and AT are registered trademarks of International Business 


Machines Corp. Copyright 1987 Borland International BI!-1104 
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